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ABSTRACT

This thesis describes the design and functionality of a Distributed Petri Net Con-
troller (DPNC). The controller runs under X Windows to provide a graphical inter-
face. The DPNC allows users to distribute a Petri net across several host computers
linked together via a TCP/IP interface. A sub-net executes on each host, interacting
with the other sub-nets by passing a token vector from host to host. One host has
a command window which monitors and controls the distributed controller. The
input to the DPNC is a net definition file generated by GreatSPN. Thus, a net may
be designed, analyzed and verified using this package before implementation. The
net is distributed to the hosts by tagging transitions that are host-critical with the
appropriate host number. The controller will then distribute the remaining places
and transitions to the hosts by generating the local nets, the local marking vectors
and the global marking vector. Each transition can have one or more precondi-
tions which must be fulfilled before the transition can fire, as well as one or more
post-processes to be executed after the trausition fires. These implement the actual
input/output to the environment (machines, signals etc.). The DPNC may also be
used to simulate a GreatSPN net since stochastic and deterministic firing rates are

implemented in the coatroller for timed transitions.






CHAPTER 1
INTRODUCTION

1.1 Problem Description

Petri nets are becoming popular for modeling manufacturing systems {13].
This project attempts to facilitate the use of Petri Nets for controlling discrete event
dynamic systems such as manufacturing systems and flexible manufacturing systems
incorporating robots. The growing complexity and emphasis on productivity forces
the issues of reliability, ease of implementation, prototyping and verification. Since
Petri nets can be analytically proven to be free of deadlock and bounded, the reliabil-
ity issue is helped using the Petri net technique. Since it is costly to do prototyping
using actual machines, a Petri net model of a manufacturing system may be analyzed
for its performance, thus further enhancing the value of this approach.

Discrete event dynamic systems are characterized by concurrency and asyn-
chronous operation and Petri nets can capture these traits easily. To reduce the
complexity of using Petri nets. design tools and analysis tools are necessary for
building correct controllers.

The distributed Petri net controller (DPNC) was designed with the above
in mind. To further enhance the Petri net property of concurrency, a distributed
architecture was chosen whereby the Petii net is distributed across several host
computers which are linked together via a local area network. The controller was
demonstrated using a model of the dual arm testbed in Rensselaer’s Center for
Intelligent Robotic Systems for Space Expioration (CIRSSE).

Other, more practical requirements foc a controller include a need for flexibility
in allowing the designer to easily interface with machines, devices, signals, etc. that

are connected to the individual host. Since the Petri net is distributed, there must



be some scheme for distributing the places and transitions of the net on the various
hosts. For operation of a system controlled by the DPNC, an interface that provides
control and display of status in real-time must be provided. The status of the net
(and thereby the machines) must be available on the operator screen.

1.2 Thesis Organization

Chapter 2 describes briefly what a Petri net is and how it can be applied to
control. The effort of this project is compared to earlier work. Chapter 3 describes
the intemal design of the controller, the various programs and impiementation de-
tails. Chapter 4 describes how the DPNC may be used to control a physical system
and chapter 5 gives a specific application of the controller. A model of the CIRSSE
testbed (8] is used to demonstrate the utility of the DPNC. Chapter 6 discusses the
results obtained. Chapter 7 has a discussion on future directions of this project.
Appendix A contains source code listings of all programs inciuded in the controller
package. Appendix B lists the programs and code written to implement the example

of chapter 3.



CHAPTER 2
PETRI NETS AND MANUFACTURING

2.1 Introduction

This chapter gives a description of the Petri net theory on which the project
is based. Uses of Petri nets in manufacturing are also discussed and some of the

software tools available are reviewed. Existing implementations of Petri net based

controllers are discussed.

2.2 What is a DEDS?

Discrete-event dynamic svstems (DEDS) comprise a growing segment of the
manufacturing base today as automation is becoming more widespread. This in-
cludes unmanned systems for space exploration and work in other hazardous envi-
ronments. A DEDS is any system where resources and materials are quantized in
discrete units. The opposite would be a continuous flow process plant, which could
be described using differential equations. Petri nets are well suited to describing

and modeling DEDS and are thus chosen as the basis for a controller suitable for

DEDS.

2.3 What is a Petri Net?

A Petri net is a directed. weighted. bipartite graph. The graph consists of two
kinds of nodes. transitions and places. which are interconnected by arcs from eicher
a place to a traasition or vice-versa. The arcs have weights representing the number
of parallel arcs hetween two nodes.

A marking of the net represents a particular state of the net. The places are

marked with a number of tokens. and a marking vector represents the number of



Table 2.1: Common Interpretations of Transitions and Places

ﬂ Input Places ] Transitions ]ﬁutpnt Places |]
Preconditions Event Postconditions
Input data Computation Step | Output data
Input signals Signal Processor Output Signals

[ Resource request | Task or Job Resource released

Conditions Clause in logic Conclusions

| Buffers Processor Buffers

tokens in each place of the net. A marking is denoted by M, where M is an mz1
vector (the net has m places). The pth component of M, denoted M(p), is the
number of tokens currently assigned to place p.

The marking of the net determines the firing of the net, or the flow of tokens
through the net. A transition can fire when there is at least k tokens in each
of its input places with multiplicity k. When a transition can fire, it is enabled.
It may, or may not fire, depending on the physical significance attached to the
particular transition. When a transition fires, it consumes k tokens corresponding
to the multiplicity of the arc from each of its input places and deposits a number of
tokens in each of its output places. depending on the multiplicity of the output arcs
to each output place.

The places and transitions hold some physical significance; a place may repre-
sent the state of a machine. an input signal, a request by one machine to another,

a resource, a part or a buffer. Table 2.1 gives some common interpretations{ 1 |.

2.4 Petri-Nets in Manufacturing

A simpie example of a Petri Net model of a manufacturing system is a 2
machine one buffer model (Fig 1.) representing a producer machine and a consumer

machine. In this model. the place labeied Piece Made represents a piece made by the



Piece Made Buffer Capacity Consumer Ready
. ® @®
Buffer Acces \
T3 = T4
O ) copmumed
Pieces in Buffer
T2

Figure 2.1: Simple Producer/Consumer Petri Net Model

producer. Place Piece in Vaking represents the producer is currently making a piece.
The transition T/ fires when the machine is done producing, taking the input (raw
piece) and depositing a finished piece in the input and output places, respectively.
Conversely, the place Consumer Ready signifies (when marked) that the consumer
is ready to accept another piece. Transition T{ fires when the consumer is ready
and the buffer Pieces in Buffer contains at least one piece. Transition T2 represents
the coasumption of a piece.

The utilicy of Petri nets in modeling DEDS may be seen from the fact that the
buffer size can be changed by simplyv changing the initial marking of place Buffer
Capacity. The number of producers (or consumers) may be changed simply by
changing the initial marking of places Piece VWade or Consumer Ready.

An example of why Petri nets are useful for control of DEDS is that the Petri
net may be analvzed for deadlocks. cvcles and boundedness. A Petri net which is

free from deadlock and bounded. will ensure that the Petri net control svstem logic



will have these desired properties as well. The model of the system may also be
used for performance analysis given performance data for the individual machines
and components in the system. Of course, the accuracy of the analysis is dependent
on the accuracy of the assumptions made.

The above simple system may be used to implement a distributed Petri net
controller. Input and output procedures associated with the transitions can be

implemented on the controller in some chosen language and can be interfaced with

the controller hardware.

2.5 Petri-Net Design Tools

There exist a number of software tools for designing and analyzing Petri nets.
One of the most comprehensive tools is GreatSPN{2]. This program may be used to
graphically design a Petri net using a Sun workstation. The net may be analyzed
for its P- and T-invariants, as well as transition throughput and token probability
distribution.

SPNP is a set of ‘C* subroutines(3] that are used to solve the steady-state
Markov chain to find token distribution and transition throughput. It is very pow-
erful. but somewhat cryptic to use. A tool has been written at RPI, called Great-
SPN2SPNP(4], which translates the net information files of GreatSPN to an SPNP
program. This ailows for much easier building of SPNP programs.

There are other programs as well. but the above two may be the most widely

used and known.

2.6 Comparisons with Earlier Work

Three previous Petri net control schetnes have been designed and implemented
at RPI. The first of these by Crockett|5] is an application-independent controiler

using Petri nets to describe the sequencing of operations. A hierarchical structure



was used by defining macro nodes to embed sub-Petri nets in a large model.

This control scheme was further enhanced by Kasturia[6] by including colored
Petri nets to describe the controller. Rudolph(7] improved on (5] by simplifying the
Petri net description files. The controller in (7] was used to control a miniature
flexible manufacturing plant.

Qutside of RPI, Petri nets have been used for fault-tolerant systems (9], as
programmable logic controllers [10], {11] and for controlling flexible automation sys-
tems [12] {14]. Petri nets were used in [12] as the basis for control programs for
general purpose factory automation (FA) controllers. A total FA system has been
implemented in {14] with Petri net based station controllers networked over a local

area network.

This project addresses three major issues compared to the above references:

1). Allow seamless integration of the controller with a Petri net design pack-
age (GreatSPN).

2). Use only generalized stochastic Petri nets to allow analysis using algo-
rithms for generalized stochastic Petri nets (GSPN), even if this may

mean loss of the hierarchical features in {5].

3). To use distributed processing as a means to facilitate the concurrency

and asynchronous features of Petri nets.

2.7 Summary

Petri nets have many desirable features for control of discrete event dynamic
systems. The ability to analytically determine deadlocks. boundedness and finding
cycles as well as performance analysis of the system contributes to the design of

both the system to be controlled and rhe controller. Past work both at RPI and



outside have taken advantage of these features. Chapter 3 describes the DPNC and

bow Petri nets are incorporated in the controller.



CHAPTER 3
CONTROLLER DESIGN

3.1 Introduction

This chapter describes the architecture of the distributed Petri net controller.
Figure 3.1 shows the architecture for an n-! node controller. In the depicted scenario
there are n-! host computers, each connected to a local area network. It is assumed
that host computer 0 is a SUN workstation with Suntools for running GreatSPN
and X windows (X11R4) for running the display and command programs.

The DPNC consists of off-line and on-line programs. The Petri net forming
the basis for the controller is designed off-line using GreatSPN. An editor is used
to write the various host specific driver routines, and the 'C’ compiler is used to
compile the run-time programs. The run-time token players and supporting display
and command programs are run on the various hosts. Each host also runs a device

driver process that interfaces the individual token player to the physical machines

connected to the host computer.

3.2 Major Programs of the DPNC

The DPNC is composed of several programs, each of which is responsible for

the implementation of a major function. These are

build A shell script program that prompts the user for the hostnames the controiler
is to run on. The command build contr will use the GSPN file conir.net
residing in the SHOME/greatspn/neis directory of the user. build will call all

appropriate programs such as assign and make to generate the token players.

net2n.m This program is a modified version of net2n.c written by Andreas Nowatzvk

at Carnegie-Mellon University, School of Computer Science. March 1989. The

9
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Off-line Design and Analysis On-line Net Exeution
—N —N
7 N r ~
Petri Net Controller Device
GreatSPN Edior Display **Front Panel" Driver 0 <j'r
o
i 1 AN b o
! y
4 1 ; [ device
net A info. files Token
file Y
N\ Player 0
\\
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I - | _ ] executable
C'-files " - ode | l HOST 0
ETHERNET
U
] ] 1
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Token ' Token ' : Token
Player | ' Player 2 ! Other host computers ! Player(n-1)
. ‘ ' executing sub-nets ' I
[} ] ]
HOST 1 H HOST?2 ! : HOST (n-1)
‘ ! ‘ : :
] 1 t
Device . Device : \ Device
. 1 . ] ]
Driver | ; Driver2 : : Driver (n-1)
' ' '
] ] i

U

To Physical Devices

To Physical Devices

To Physicai Devices

Figure 3.1: Architecture of Distributed Petri Net Controller
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input to the program is a .net file and the output is a .n file containing the
structure of the net only. The modification allows inhibitor arcs to have mul-

tiplicity greater than one.

assign The net structure as given in the .n file is used by assign to distribute the
Petri net across the sub-nets defined by assigning transitions in GreatSPN.
The file hostnames generated by build contains the host names and numbers
and is used by assign to give the token player the correct socket addresses.

assign outputs the net definition files for all token players.

pnn Each token playver is compiled with unique 'C’ include data files generated
by assign. The n programs (one for each sub-net) implement one sub-net
where each token player runs asynchronously and fires any transitions that
are enabled. The places that are common to transitions residing on different
token players are called global. Global places are passed from token player to

token player in a token-ring fashion using sockets during net execution.

XCommand Commands to the DPNC are issued using XCommand by moving
the mouse to the appropriate button in the command window and cdlicking the
left mouse hutton. The program will then send that command to each token

player and the net display program via sockets.

XDisplay The Petri net is displaved in an X window made by this program. The
net appears as it was made in GreatSPN. Each token player sends a firing
vector to .XDisplay during net execution and transitions are highlighted when

they fire and token counts are shown in the places.

3.3 System Files

The DPNC is composed of several programs. Each program depends on input

files and produces output files. The sysiem files, shown in figure 3.2. are : (note
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XDisplay.

GSPN = net [— neQn_m =™ 1 assign
hostnames
build == mame0h
r_linksQ.d 1
editor
interface04 []

Figure 3.2: System Files

that the notation namen.i means that one file for each token player is required)

test.net The net definition file generated by GSPN. It contains the structure of
the net as well as the geographical information for drawing the net. This file
is copied from the users Petri net directory, e.g., /greatspn/netis every time

build is run.

test.n The net structure file. Note that huild generates this file every time it is run.

The file stores the most recent net to be built.

hostnames* This file contains the Internet host name and the host number (0 —

n-1) for each of the n token players.
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XCommand.i Contains the Internet address of each token player to connect to

the command sockets and the display socket.

XDisplay.i Contains information about how the net has been partitioned. Also

contains hostnames and addresses.

netn.i Sub-net definition files with ‘C* code initialization of the data structures for

each token player.

netn.h Contains the sizes of net data structures for each token playver (the number

of transitions and local and global places).

interfacen.i* A library of routines to implement the interface to any machines

connected to the individual host computer.

tr.linksn.i* An initialization file with pointer assignments linking transitions to

the input/output routines defined in interfacen.i

tnamen.h These include files contain the transition names and the transition in-
dexing number at each token plaver. These numbers are necessary when the
transitions are used for input/outpur. The files may be used as include files
in the device driver programs so that instead of looking up the indexing num-
ber of a transition at a particular roken player (which may change as the
net is modified). the name of the transition may be used. This is possible
since tnamen.: contains # define statements such as # define T29_IN_AT.O
2. Note that the symbols ‘@, / and 7 are changed to _AT_, .OUT. and IN.

respectively to conform to allowed 'C” constant naming convention.

The designer is responsible for writing the files marked with * using a text
editor (like EMACS or vi). These files contain the information for connecting the

token plavers to any devices connected to their respective host computers.
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3.4 Assigning Places and Transitions

assign distributes the Petri net into n sub-nets based on the transitions that
are preassigned by the user in GSPN. To preassign a transition, the name of the
transition is appended with @h where A is the host number. It is required to preassign
only the transitions that will be enabled externally or will execute some command

since these will be linked to a ‘C‘ routine in the file trlinks.c.

. assign will first read in the structural information from name.n. The places
and transitions are assigned to the hosts by successively looking at each place to
count the number of dependencies to already assigned (preassigned) transitions. If a
place has only one host dependency, the place is local, if the place has more than one
host dependency (i.e., 2 place has an arc to transitions residing at different hosts),
the place is global.

The unassigned transitions are then checked to see how many dependencies
(i.e., input, output or inhibitor places) it has on each host. The transition is placed
at the highest host count.

The above two steps are repeated until all places and transitions are assigned
to a host.

The places that are global become the global marking vector which is passed

from token player to token player using the token-ring structure set up using sockets.

3.3 Data Structures

The sub-net structure is stored in an array of transitions in each token player.
Some of the kev elements of the data structure are shown in table 3.1.

Each token plaver also has data structures for the local- and global marking
vectors. The local marking vector stores the marking of the local places at each
token player whereas the global marking vector stores the marking of the global

places when the global marking vector is available at the token player. Each data
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Table 3.1: Data Si:ructure in Token Players

flag  immediate Immediate transition flag
flag  timed Deterministic timed transition
int _ (*preprocess) () Pointer to procedure

int (*postprocess)() pointer to procedure

long LInputMask Input mask for local places
long  GlnputMask Input mask for global places
short LInput Vector Local input incidence matrix
short LOutputVector Local output incidence matrix
short GlnputVector Global input incidence matrix
short GOutputVector Global output incidence matrix
short LilnhibitVector  Local inhibitor arc multiplicity
short GlnhibitVector  Global inhibitor arc multiplicity

structure also includes a mask bit for each place which is set when the place has a

token.

3.8 Petri Net Execution Algorithm

The token players are independent processes running on separate host com-
puters. Each token player executes a sub-net of the controller Petri net. The token
player will evaluate each transition sequentially and fire the ones that are enabled.
Whenever a transition fires, all transitions are evaluated over again. This is per-
formed until no transitions can fire. The token player is then suspended until an
external event occurs. An external event includes a socket message from either
the command window. XCommand. the proceeding token player in the token ring,
or a socket message from an external device driver. This makes the token player
event-driven and helps reduce the load on the host computer.

A watchdog timer also generates periodical time-out events in case the token

player should have lost a socket interrupt. which may happen when the host is

heavily loaded (in the SUN Sparc Station case).
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Each token player stores botl; a local marking vector and a global marking
vector. Since the global marking vector is passed from token player to token player,
the transitions that are dependent on input from the global marking vector are
disabled when the global marking vector is not available at that particular token
player. All other transitions at that token player may fire if otherwise enabled. If a
transition has an output arc to a global place, the output tokens to the global place
are temporarily held at the token player until the global marking vector again is
available at that token player. These tokens are then added to the giobal places.

Each token player is allowed to retain the global marking vector for a fixed
number of iterations of checking for enabled transitions. As soon as a token player
has used its quota. it must be passed on to the next token player.

The token players are identical except from the sub-net executed. Token Player
0 is also unique since it provides the server socket for token player 1, and waits to

open a client socket to token player n-1. A token player has a simplified structure

which looks like the following:

initialize sub-net

initalize socket connections

e set command to HALT

while command not STOP

e wait until event ocgurs

o get_event() --- Read all sockets

e switch (command)
¢ case RUN : token-player() -- execute net
e case HALT :
e case RESET : re-initialize net
e case STOP :

e close all sockets.
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token_playeris the actual subroutine that executes the net at each token player.

It has a simplified structure

evhile command = RUN and get.next_tramsition() # FALSE

o get_avent()
e if transition enabled
e fire the transition
e set eventflag TRUE
e if global marking period expired

e release global marking vector to next token player

get_nezt_transition() returns the next transition to be checked. If all transitions
have been checked to see if they can fire and none did, this routine will return FALSE,
thus causing the routine token_piayer() to exit by releasing the global marking vector
(if token player had the global marking vector in the first place in this iteration).
The program is then suspended until the next event occurs.

get_event() is called to check the socketsin case a command, the global marking
vector or a device driver message is available.

A transition is checked by enable(tr;. This routine returns true if the transition
is enabled by having enough tokens in ail input places, not more than the allowed
tokens in the inhibitor places and all external preconditions satisfied. fire(tr) simply
removes the tokens in the input places. executes the postprocess, if any, and deposits

tokens in the output places. The cvent_flag is set to enable the token player to check

all transitions again.

3.7 Run-Time Structure

A sequence of programs must be started to set up the DPNC correctly. The

requirements are that an X-windows server has one terminal connected to each host
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computer. A 3 node controller topology is given as an example of the run-time
structure of a distributed Petri net controller in figure 3.2.

The X server may be any one of the host computers, the only critical part is
that the processes run on their respective hosts. The sequence of processes to be

started and which host terminal window to start it on is as follows:

HOST 0: Start XDisplay by entering XDisplay. This program will open a
window on the X server where the net will be shown. XDisplay then waits
for socket connections from each of the token players and the command

program.

HOST 0: Start token player 0 by entering pno.
HOST 1: Start token player 1 by entering pni.
HOST 2: Start token player 2 by entering pn2.

HOST 0: Token Player 0 is at this point waiting to connect to token player 2
to close the virtual token network for global marking vector passing. By

entering any character and pressing enter, token player 0 will connect to

token player 2.

HOST 0: The final step is to start the command program. All other processes
are now waiting for this program to open a socket to each of them. Enter
XCommand to start the command program. A command menu will appear

as soon as all sockets are connected.

After following the above sequence of starting processes, the DPNC would
have several socket connections between the various processes. These sockets are

depicted in figure 3.3.
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Figure 3.3: Host Computers with Associated Processes

The names listed at each computer is the Internet node name of the host computers

used for running the testbed controller. All computers used are SUN SparcStation
L.
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Figure 3.4: Socket Communication Structure

Not shown in this figure are socket connections to other processes that implement the
device drivers at each host. Typically, one would have two unidirectional sockets for
each device driver. Since the number of devices might be large, it would furthermore
be advisable to write one device driver program handling all devices.
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Figure 3.5: Command Window

3.8 X Interface for Controller Commands - XCommand

The X interface to control the execution of the net is implemented in the

program XCommand. This program presents the operator with a menu (fig. 3.4)
with 12 different buttons.

The buttons have the following effect:

Start Enables continuous firing of all enabled transitions at each token plaver.
Pressing the start button also resets the transition firing counter and the

timer showing how long since execution was started.
Halt Disables firing of all transitions. The timer continues running.
Continue Enable continued firing without resetting the timer and firing count.

Reset Resets the marking vector to the initial marking vector. Should not be used

when the system is executing a net connected to any real devices.



Quit Stops all token players and the interface programs.

Single-Step Toggles single-stepping the firing of transitions. When Single-Step
is enabled, only one transition at a time may fire (if any enabled) at each token
player.

Fire Enables one transition to fire at each token player.
Display Stats Turns on the display of statistics at each transition.

Rate/Times Fired Toggles between the running average firing rate of each tran-

sition and displaying the number of times each transition has fired.
Reset Stats The timer and the firing count is set to zero.

Net Listing Dumps the current status of all data structures at each token player

to the terminal window where the token player was started (stdout).

XCommand sends a command message to each token player and to the display

program when a button is pressed. The Athena widget set is used to implement the

X command menu.

3.9 X Interface for Displaying the Net - XDisplay

XDisplay is the program used for showing (in near real-time) the firing of the
net in an X-window. The net is drawn as it was designed in GreatSPN, thus ensuring
familiarity with the graphical representation of the net.

XDisplay is suspended until either an event occurs on the input sockets or a
one-second timer interrupt is issued. A socket message from any of the token players
or the command window causes the program to wake up and read the sockets. A
socket message from a token player consists of a count of how many times each

transition has fired. the local marking vector and the global marking vector.
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Host 1 : moon
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Figure 3.8: Display Window

Any transition firing counts that have changed since the last update cause
those particular transitions to be highlighted for approximately 350 ms. The pro-
gram is suspended for this time. but if a new socket message appears, the program
wakes up and services this. updating the display as needed. The tokens are drawn
in the center of each place as a dot. If there are more than 4 tokens in a place, the
aumber is written directly for making it as easy as possible to read the marking.

When the net is executing, the elapsed time is displaved as well as the current
status of the DPNC (running, halted or single-step mode). Statistics for all tran-
sitions may be displayed next to each transition. The host names also appear at
the lett side of the screen. In this case. host number 0 is neptune (one of the many
stellar names used in the CIRSSE lab at RPI) and host number 1 is moon (Internet
node names may be written in fuil: i.e. neptune.ral.rpi.edn).

The user may select which sub-net to display by pointing the mouse in the
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display window and pressing the character 0 to toggle displaying the net on token

player 0. 1 will toggle the display of token player 1's net and so on. G toggles the
displaying of the global marking vector whereas A will turn on the displaying of the

entire net if any nets are turned off.

3.10 ‘C*‘ Language Implementation

3.10.1 Imtroduction
The entire controller is implemented in ‘C* on Sun workstations using BSD4.2

UNIX operating system. The following is a description of each module comprising

each of the main programs. A module is a file with one or more subroutines, usually

logically connected.

3.10.2 net2n.m

This program is listed in Appendix A.l. The program consists of the following
file:

net2n_m.c All supporting subroutines are found in this file. The program is com-

piled using cc only.

3.10.3 Assign

Assign Appendix A.2 contains the program listing for assign. A makefile masg

is used for making the program with the following supporting files:

assign.c Main as well as all procedures to manipulate and assign the places and

transitions are contained in this file.

syserr.c This routine is called in most places where the program performs I/O.

If an [/O call should fail. this procedure will print the reason it failed and

terminate the program.
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3.10.4 Token Player

The token player is compiled using the makefile mpn. The following support

files are used:

player.c The net execution routines as well as main() are implemented here. The

socket initialization routine is also implemented in this file.

setblock.c A routine to set or reset blocking of a file descriptor (a file descriptor

may point to a socket or a file).

server_intr.c This file contains the routine used to set up a server socket (client
sockets connect to a server socket) with an interrupt signal to be issued when

a socket message is received. This mechanism is used to wake up a program

that has been suspended.

intr_timer.c A watchdog timer is used to wake up the token players in the case an
interrupt is lost. This sometimes occurs when the workstation is heavily used.
The timeout is set for 4 seconds when the controller is not used for simulation

(no timed transitions) and for 0.1 second when there are timed transitions.
client.c This procedure is used to connect to an already open server socket.

timed_trans_handler.c The routines used to handle timed transitions are con-

tained in this file. These start and check the timers for each timed transition

during net execution.
timer.c The svstem clock is initialized and read using the routines in this file.

xrand.c This file contains routines for random number generators and has been
obtained from the same source as net2n.c. The random number generator is

used for simulating stochastic firing :imes of exponential transitions.
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event_handler.c External communication with other token players and with the

command program is implemented here.

init_net.c Each token player executes a sub-net. These nets are defined in this

routine using an include file netni which initializes the data structures.
interface.c Device drivers are impiemented in this routine.

dump.c The net listing is done by calling this routine.

3.10.5 XCommand

The command program is compiled using the makefile mXc. The program is
compiled using the following support files:

XCommand.c This file contains main() and the procedures associated with each

button in the menu.

setblock.c, client.c, syserr.c have already been described.

3.10.8 XDisplay

The net display program consists of a large number of support files for imple-
menting the X interface as well as routines to decode and display the firing vectors

received from the token players. The program is built using the makefile m.Xd.

XDisplay.c This file contains main() as well as routines to read the net structure,

read and draw the geographical information and read the sockets.

Xdraw.c All primitive drawing routines are contained in this file. The sizing of
the window, symbol sizes etc. may be scaled by changing the constants in em

Xdraw.h. the include file used by the drawing routines.
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Xroutines.c Support routines for initializing, opening and exiting X are contained

in this file.

stats.c The running averages are computed and displayed using routines in this

file.

eventx.c X events (window size changes. overlaps etc.) are handled by this routine.

timer.c, setblock.c, server_intr.c, intr_timer.c, syserr.c are described previ-

ously.

3.11 Summary

The internal workings of the DPNC have been described along with the files
and programs used in the controller. It should be noted that a large number of data
and program files are generated. This allows not only for custom tailoring of the
controller, but also creates a need on the designers part to carefully document the

implementation of a specific controller.






CHAPTER 4
USING THE DISTRIBUTED PETRI NET CONTROLLER

4.1 Introduction

A successful implementation of the controller requires careful thought to how
the DPNC interfaces to the real machines and devices it is supposed to control. The
Petri net itself must also be designed to facilitate decentralized control. This chapter

discusses how the DPNC may be used and what issues need to be addressed.

4.2 Special Petri Net Design Considerations

The DPNC places a few restrictions on how the Petri net control logic is
designed. Firing order is not random. but each transition is evaluated in a specific
order. Thus, if there is a choice place (one place is the enabling input place to two
or more transitions), one traasition will always fire first and consume the token(s),
thereby preventing the other transitions from firing.

Firing order is also dependent on how the net is partitioned and how the token
players are arranged. Since the global marking vector is passed from token player to
token player. the control logic embedded in the net must take the order of receiving
the marking vector into consideration.

Finally, the number of global piaces should be minimized. The best method
of doing this is to limit global places to represent only the exchange of information
or resources between different token plavers. The more global places, the more

transitions will be dependent on the global marking vector and the controller will

in effect become less decentralized.

oy
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4.3 Design using GreatSPN

The basis of any distributed controller is a Petri net model of the control logic
made using GreatSPN (2]. GreatSPN provides graphical tools to design and analyze
Petri nets on SUN workstations using Suntools!.

It is also possible to obtain performance data for Petri nets. Information such
as transition firing rates and token probability distributions will give the analyst
insight into the performance on the modeled system. This is of course only possible
if performance data are known for the individual machines and devices in the system

to be controlled. It is also possible to translate the GreatSPN file to a SPNP{3}[4]

file for further performance analysis.

4.4 Input / Output using the Controller

The DPNC facilitates I/O by linking procedures to transitions. A tramsition
may have an enabling procedure and a firing procedure. The enabling procedure
(called precondition) is a subroutine that returns true when a particular external
condition holds true. Conversely, the routine must return false if the condition
is not true. The subroutine is recommended to be short as it will be executed
every time the transition is otherwise enabled. It is therefore not advisable to use
a precondition subroutine to directly query a device using sockets, as that would
introduce a 400 ms delay for each query. The preferred method is to use an external
program that sends a status change to the token player whenever a change occurs.
The precondition routine may then only check for a particular bit-pattern to be set.

The external program must commumnicate with the token player using sock-
ets(fig 4.1). The socket mechanism allows -he token player to be event driven. The
token player wiil then be woken up whenever the device driver reports a change in

status of a machine if the token playver is suspended.

tAn X version is reportedly being prepared
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A design example for coutrolling the operation of one machine is shown in
figure 4.2 where a machine is started when a workpiece is present and the machine
is ready. The machine is ordered to return to start position when it is finished
producing a piece. Note the italicized strings next to the transitions represent the
precondition (¢ appended to string) and the firing process (! appended to string).
This provides an easy method of labeling the transitions. Also note the @0 appended

to the transition names assigns the transitions to host number 0.

4.4.1 Input using Transitions — Example

To implement this interface, a procedure for checking the machine status and

a procedure for issuing a command to a machine are needed. These may be written

as follows:

int check._status(trans_no, mach.no)
int trans.no;
int mach.no;
{
switch (trans.no) {
case 1 :
if (M_STATUS(mach.no] && M.RDY) returm 1;
alse return 0;
break;
case 2 :
if (M_STATUS [machno] && M_DONE) returm 1;
else return 0;

break;
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To link this procedure to the transition t1@0 in figure 4.2, the line

Transition[0] .precondition = check_status; should be added in the file ¢r_linkn.:

This line would assign the pointer address to that procedure. The number assigned
to the transition at each token player is found in the nem.i files. The procedure is
written as general as possible with M_STATUS being a global array of status words
for all machines handled by the token player. M.RDY and M_DONE are constants with
the bit corresponding to that condition set. It is assumed that another procedure
sets and resets these flags when appropriate. This procedure would be called every

time a machine issued a status change socket message. A typical implementation
might be :

void set._status()
{
int buf[10], nread;
if (nread = read(in_socket, buf, length(buf)) = —1)
syserr("in_socket")

M_STATUS([ buf(0] ] = but{ 1 ];

The above code segment assumes that buf[0] contains the machine or de-
vice number and buf (1] the status word. For a SUN workstation, this particular
implementation would allow status 32 bits per machine (since each int is a 32 bit

word). The designer may use several words per device as needed, thus expanding
the number of bits.
4.4.2 Output using Transitions — Example

To issue commands to devices, interface.c could contain a routine to issue

commands as follows:



void send.command(trans.no, mach.no)
BOOLEAN trans.no;
int mach.no;
{

int comd;

switch (machno) {

case 1 : /= -- Machine number i =/
switch (trams.no) {
case 1 : comd = 12; break;

case 2 : comd = 14; break;

case n : comd = x; break

}

buf [0] = mach_no;
buf (1] = comd;
if (write(out.socket, buf, length(buf)) = -1 )

syserr("write");

The pointers of each output transition need to be initialized similarly to the
input pointers. In addition to the procedures above, the procedure init_sockets in
player.c need to include code to initialize the sockets for communicating with the

device driver program.



4.5 Building the Token Players

The controller design starts with the Petri Net obtained from GreatSPN. The
host dependent transitions are assigned using the @host convention. Driver software
for the specific devices must be added next in the file interface.c with appropriate
pointer links to the I/O procedures in the file ¢r_linksn.i. The final step is to execute

build name where name is the given net name in GreatSPN.

4.5.1 Building a Distributed Controller

The DPNC is designed for distributing a Petri net over several host computers.
To facilitate this, build will prompt the user for each host’s Internet name. When
all host names have been entered, the user should hit return and build will then

proceed to make all files and executable units for the controller.

4.5.2 Building a Single-Processor Controller

The DPNC may also be used as a single-host controller by not assigning any
transitions a higher host number than 0. Socket communication for passing the
global marking vector will then be disabled. All processes (token player, XCommand

and XDisplay) may then be run on one computer. The programs should be started

in the same sequence as listed in chapter 3.

4.8 Using the Controller to Simuiate Petri Nets

To facilitate simulation and veriﬁca:r.ion of a Petri net model, it is possible to
use the controller as a simulator. Immediate transitions may be converted to deter-
ministic or stochastic using GreatSPN[2! with firing rates specified by the user. The
example used in the [/O section (fig. 4.2) is shown in figure 4.4 with timed tran-

sitions. The numbers next to the transitions in figure 4.4, 10.0000 and 0.35000,
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are the firing rates assigned to these transitions. These reflect the expected time for
the machine to go to the ready position and to process one piece, respectively.
Note that when using the system as a simulator, all transition procedure links
must be commented out in irlinksn.: to disable using the device driver interface
routines. The transitions that were made timed for testing purposes must be made

immediate when using the controller again.

4.7 Using the Controller

A few words of caution would be appropriate when using the controller with
any real machines requiring fail-safe operation and emergency stop: Any emergency
stop must be implemented in hardware (i.e., kill power to electric motors, engage

brakes etc.). No operation required to be fail-safe should be implemented using this
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controller (or any other for that matter). The controller introduces a lag of ap-
proximately 200 ms per token player in the token ring. Thus, any device requiring
immediate action when its status changes should be implemented using local places
only. Transitions requiring the global marking vector will experience the aforemen-
tioned delay before they may fire. Note that the socket mechanism may be modified
to use datagrams or raw sockets which are much faster (there is very little delay)
but do not have the TCP/IP delivery reliability.

The next chapter will describe one application of the DPNC in controlling a

model of a robotic testbed for assembly of structures in space.

4.8 Summary

This chapter has attempted to describe interfacing the controller to an ap-
plication using sockets and dedicated driver programs that handle the physical in-

put/output signals. The next chapter describes a test case where these concepts

have been put into use.






CHAPTER 5
TEST CASE — CIRSSE TESTBED CONTROLLER

5.1 Introduction

The previous two chapters described the internal structure of the controller
and how to interface it to external systems. This chapter gives an example of how
to actually control a system using the DPNC. The system chosen is the NASA
CIRSSE (Center for Intelligent Robotic Svstems for Space Exploration) testbed at
Rensselaer Polytechnic Institute. The Petri net model for the system is found in [8].

To focus the design example on the actual controller and not the specific device
drivers for any particular machine, several DPNCs are used; one acts as the central
controller distributed across three host computers. One DPNC at each host acts as
a simulator and device driver of the machines and devices connected to the token
player at that particular host. These three DPNCs are single token players only,
executing simple Petri net models of the actual machines. Figure 3.1 gives a picture

of this setup with the processes marked Device Driver n representing single token

player simulators.

5.2 Dual Arm Testbed

The system contains 2 PUMA robots. a mobile platform on which the robots
are mounted. a vision system and 3 host coniputers for path planning and generation.
and robot control. The host computers are tied together via Ethernet. The purpose
of the testbed is for research of autonomons assembly of large space structures for

the NASA orbiting space station “Freedom™.
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5.3 Petri Nets Describing the Testbed and Simulators

The Petri net model of the testbed control system (figure 5.1) is partitioned
into three subsystems: Operator interaction and offline path generation, vision sys-
tem, and robot and platform control. Each subsystem uses one host computer, a
SUN4, a SUN3/260 and a SUN3/150 respectively. The transitions modeling each
subsystem are preassigned using the notation described in chapter 3 (appending @h
where h is the host computer number). There are six global places: SUN{, OnLine-
Plan, OffiPredo?. Tra;5, TrajReqé and TrajReqP. These places are shared between
transitions assigned to different host computers. The partitioning can be seen in
figure 5.1 by studying where the transitions are preassigned. The upper third of the
net executes on token player 0 and the middle part of the net (the vision system)
executes on token player 1. The lower third of the net executes on token player 2.

To illustrate the use of external device driver programs, two or three stochastic

transitions in each subsystem are modeled and simulated by the device driver/simulator

Petri nets at each token player.

5.4 Implementation of the Controller

The third token player, tp2. will be discussed as an exampie of how to interface
a token playver to an actual device. The original Petri net was modified slightly to
facilitate control of the devices. Three stochastic transitions model the two robots
and the platform. T23-T25. These were expanded from one traasition each, to one
output transition to issue a start command. one place to indicate machine working,
and one transition to query if the machine was done (see figure 5.1). The transitions
were called T2iStart/@2 and T2 Done?@2 tor i = 3, 4 and 5 respectively.

The Start!@2 transitions signal to the device that the operation may start,

while the Done?@2 transitions only fire when the devices signal that they are done.



Host 0 : neptune
Host 1 : moon
Host 2 : verus

AN Elapesd Tine : 63 3

39

Figure 3.1: CIRSSE Testbed Petri Net Controller
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Figure 5.2: Simulator Petri Net for SUN3/150 Devices

5.5 Implementation of Simulators

To simulate the two robots and the platform, a simple Petri net was designed
and implemented as a single token plaver simulator at each host. For host number 2,
this net consists of 6 transitions and six places (figure 5.2). The transitions T2 Start?
are enabled by the start signal from the coatroller transitions described previously.
The transitions T2 Done! signal to the controller that the devices are done. These
latter transitions have stochastic firing rares modeling the time it takes to perform

the action.

5.6 Discussion of 'C’ Code

Since four different DPNCs were used, three subdirectories were made under
the directory containing the controiler. Lach subdirectory contained one simula-
tor for one host. Appendix B. contains listings of the code written to implement

simulator/device driver number 2. This code was placed in subdirectory SIM_2.
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Note that the code for the controller is numerated 2 while the code for the
simulator is enumerated 0 in the appendix. The reason is that the controller token

player is number 2, while there is only one simulator token player at each host, thus

giving that simulator the number 0.

5.8.1 Controller Code

A brief discussion of the controller code for implementing the interface to the

device driver/simulator is included here. For further information, please study the

procedures themselves.

tname2.h This file is an include file containing the name of the transitions of token
player 2 with the transition number at that token plaver. By including this
file in the device driver program file. interface2.i, it is possible to reference
a transition by name (which does not change), instead of bv number (which

does change according to how the Petri net is partitioned and modified).

interface2.i The procedures for testing preconditions, for executing postprocesses
and decoding the input from the device driver are contained in this file. Also
note the procedure conflict.resolution which returns true or false with the
probability given by the transition firing rate assigned in GreatSPN (note —
this limits the rate number between ) and 1 and is only meant to be used for

immediate transitions).

trdinks2.i This file is the include file that sets up the links for the transitions to

call the appropriate procedures described above.

5.6.2 Simulator # 2 Code

The simulator can easilv be modified to interface with real machines. The

[/O procedures would need to be modifiel to include communication mechanisms
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Figure 5.3: Transition Evaluation Time

A study of the time to evaluate a transition was done by executing several nets
on a SUN SparcStation 1. The nets were all a sequence of places and transitions 1
with the first place marked with 100 tokens. The time to fire all transitions 100
times was recorded and averaged over 3 runs. Figure 3.3 shows how the firing time
varies with the aumber of transitions in the net. From 10 to 32 transitions, the
relationship is linear. For more than 32 traasitions. the curve becomes steeper. The
reason is that the data structure required to store the token marking mask is a 'C’ -
long int which is 32 bits long. For more that 32 places, two words are required to
store the mask and this accounts for the increased evaluation time per transition.

The controiler is very CPU friendly since it is event-driven. The average CPU
time consumed as shown by ps is less than one percent. For this net, approximately 1

one percent of available memory on a SUN Sparcstation | (8 MB RAM) is consumed.
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to the actual devices, and the command and status messages would also need to be
encoded for the particular device.

tname0.h contains the transition numbers as discussed above. Note that assign

modifies the names to conform with ‘C’ constant declaration rules (described

in the comments in assign.c).

interface0.i The procedures are the same as for the controller, except that the
transition names are for the simulator. Note that the file ../tname2.h is #
included. This allows the procedure writing to the controller to specify which

transition should be signalled to by name instead of by number.
trlinks0.i Same as above, but for the transition names of the simulator.

init_sockets() The socket initialization is different than for the controller token

player and thus listed in the appendix. This procedure belongs in the file

player.c.

get_event() Code for reading the socket to the controller token player is unique to

the token player and thus listed here.

5.7 Socket Communication between Controller and Simulators

Each subdirectory containing a simulator has a unique portnums.A file. These

files have socket port numbers for the simulators that are different than the port

numbers used by the controller token plavers.

5.8 Net Execution and Controller Performance

The controller was found to control the operation of the (simulated) devices
as planned. The system executed one testhed subtask in about 15.6 seconds using

the firing rates given in {8]. This is very similar to the resuits obtained in [8].



5.9 Summary

A controller has been implemented for a robotic testbed using a Petri net
model to facilitate the control logic. Petri net models of the machines have been
used to implement simulators for the same machines, thereby demonstrating the use

of device driver programs.



CHAPTER 6
CONCLUSIONS AND FUTURE DIRECTIONS

6.1 Conclusions

A distributed Petri net based controller has been designed and implemented.

The major features of the system are:

1. Seamless integration of the controller with GreatSPN for generating Petri
net data files.

2. Use of generalized stochastic Petri nets to allow performance analysis
using known algorithms and software packages such as SPNP.

3. Distributed processing facilitating the concurrency and asynchronous

features of Petn nets.

4. X Window graphics used to display the actual execution of the net.

6.2 Future Directions

This project has attempted to address the basics of a Petri net controller
using as many available tools and programming standards as possible. Each choice
has then. necessarily. been a compromise hetween speed of execution and speed of
implementation. Speed of implementation has been prioritized in order to reach the
goals listed in chapter 2 in a finite amount of time.

There are a number of improvements that may be made to further enhance

the utility and practicality of this project. Among these are:

Token Coloration One immediate improvement would be to include colored Petri

nets. This would also increase the complexity of net analysis (since the colored

net would need to be unfolded).
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Automated Startup Sequence This sequence may be automated so that the op-

erator only would execute one command, instead of 2 + n-1 for an n-1 node

token player.

Selective Enabling/Disabling and Firing of Transitions A menu couid be pre-
sented to the user where each transition could be disabled, enabled and fired
manually.

Improved File Naming Convention Data files should have the Petri net name
included in the file name with file name extensions indicating what kind of
file it is. e.g. controllerl.dspy could be the initialization file for the display

program for the Petri net controller!.net.

Faster Socket Communication As it is now, a 200 ms delay is introduced by
each token player in the virtual token ring chain. This is due to the UNIX
scheduler which handles TCP/IP messages. The handler, or daemon, has a
turnaround time of 200ms. Other mechanisms exist that do not have this delay

(raw sockets and datagrams), but these do not have the guaranteed delivery
of messages that TCP/IP offers.

Using GreatSPN Layers [t would be possible to use the layer mechanisms of
GreatSPN. One possible nse would be to have the controller net in one layer
and models of the devices in different layers. Simulations could then be per-
formed using GreatSPN or SPNP for the entire system, and the controller

structure could be extracted for the distributed Petri controller implementa-

tion.
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APPENDIX A

‘C* SOURCE CODE LISTINGS

A.1 build — Building the controller

#!/bin/sh
# Use Bourme shell

echo

echo "Distributed Petri Net Control System"

echo

# Test if a net name has been passed as an argument
it [ $# -ne 1]

then

echo "Usage: build <Petri Net Name>"
exit

2i

# Test if this file exits

it ( ! -f SHOME/greatspn/nets/$1.net ]

then

echo "Petri Net 31 does not exist™
exit

£i

% Test if hostnames file exists, if not, prompt for new file

iz €
then

-f hostnames J

echo “Current hostname assignments are :*
cat hostnames
scho

echo “Hit <Return> to keep current assignments*

echo "or enter new information at the prompt”
echo

else

echo "Hostname Zile definitions does not exist®
echo

i

acho
acho
echo
echo
acho
echo
echo
acho

“Enter host information in the following format:"

“0 name <Return>
*{ name <Return>

“n name <Return>
"<Return>

hostno=0

echo "Hostaame $hostno :

read
it {
then
it

inp
nsinpn Iz nn ]

{ -f hostnames ]

then
™ hosthames

23
j S8

\m‘ll E usinpn = e ]

/= For host Q /="
/% For host 1 /=*

/= For the last host /="
/= To stop or xeep current values/s*

-+




do
echo Shostno $inp >> hostaames
hostnos‘expr $hostao + 1
echo "Host Shostao : "
read inp
done

iz { ! -f hostnames ]
then
echo "FATAL - hostname definition f£ile does not exist"”
echo
exit
else
echo
acho "Current hostname assignments are :"
cat hostnames

echo
21
# Convert .net file to .n file
echo
echo “Converting .net file to .a file ..."
echo

unset noclobbex

mv test.n test.n”

av test.net test.net”

cp SHOME/greatspn/nets/$1.net test.net
cat test.net | net2na > test.n

™= netw.i
% Assign places and transitions, generate net definition files
echo

echo "Generating net definition files ..."
assign

# Compile IDisplay program

echo

acho "Compiling XDisplay server ..."
make -f mXd

# Compile ICommand program

echo

echo "Compiling XCommand cliemt ..."
nake -f mXc

% Compile token players
i=0
while [ -¢ net$i.h ]
do
scho
echo "Compiling csoken player $i ..."
= player.li
scho "#include \"net$i.h\"" > player.h
cat master_player.h >> player.h
make -t mpa
mv pn pnsi
izs‘expr $i + 1
done
scho
echo "done”

30
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net2n.m — Extracting the Net Structure

[
[2]

: A Generalized, stochastic petri net Simulator
v¥0.01 March 1989 Andreas Bowatzyk (agn€unh.cs.cau.edu)
Carnegie—Nellon Univerity, School of Computar Sciencs
Schenley Park, Pittsburgh, PA 15213

MODIFIED 1/3/91 by Atle Bjanes to accmmodate inhibitor arcs of
multiplicity greater than 1.

/IQ.GII..I\}

A B 2 2R 2k BE IR BE BE 2V g

/® Converts GreatSPY’s net-files into a more resonable format =/

#include <stdio.h>

#define TTY_IMNM o] /# transition types =/
#dezine TTY_EXP 1
#2define TTY_DET 2
char *tIns_types(3] = {"imm”, “exp”, "det“};
/ Data stzuctures /
stzuct place { /* A place is... */
char sname;
int tokens;.
};
struct place_list { /% list of places =/
struct place =pl;
struct place_list  ®mext;
¥
struct transitionm { /* A transition is... =/
char *name;
unsigned char type;
double rate;
int dep; /* enabling dependency =/
struct place_list sinpts;
struct placs_list *outpts;
struct place_list =inhibs;
};
struct parametar { /* parameters =/
char *name;
double detlt;
};
/ Net storage ss=» = /
struct place =PLACES;
inc a_PL;
stzuct transition «TRANSITIONS;
int 2_TR;
STIUCT parameter =RATES, =MARKS;
int n_RT, a_MK;
main(arge, argv) /* boring stuff =/
int arge;
char =argv(];
{
read_net();

print_net();



}
read_net () /% Tead a network s/
{

Tegister int i, 3

int a_GR, k, 1, m;

Tegister stIuct place_list st;

char buf (1024], tmp(1024];

while (gets(buf)) /* skip preamble =/

i? (buf(0] 2= ’|’ && buz(i] == 0)
break:;

iz ('getsa(buz) || 5§ != sscant(buz, "%»s¥d%ddd%d’d”, & _MK, & _PL, &n_RT,
m_ TR, m_ GR) || a MK <0l aPL<1||nRT<OI!laTR<1
Il a_GR < 0) exrx("Bogus parameters”);
/* allocats storTage */
if (n_MK) MARKS = (struct parametexr *)
malloc(n_MK *= sizeof(struct parameter));
iz (a_RT) RATES = (struct parametar *)
malloc{n_RT = sizeof(struct parameter));
PLACES = (struct place ) malloc{a_PL * sizeof(struct place));
TRANSITIONES = (struct transitionm =)
malloc{(n_TR = sizeof(struct tramsitiom));

for (i = 0: i < a _MK; i++) { /* read mark-parametars */
if (!gets(but)) err(“Premature end of file");

it (2 != sscanf(buf, "“%s%lz”, tmp, S(MARKS(i].derflt)))
exT("Param problea”);

strcpy(MARKS [i] .name = (char =) malloc(strlen(tup) + 1), tap);

}
for (i 2 0; i < n_PL; i++) { /* read places »/
it (!geta(buf)) err("Premature end of file");
i? (2 '= sscanf(buf, "%s¥%d”, tmp, X(PLACES(i].tokens)))
err(“Place def problem™):
strcpy(PLACES(i] .name = (char *) malloc(strlen(tmp) + 1), tmp);
}

for (1 = Q; 1 < a_RT; i++) { /* read rate-parameters */
if (!gets(buz)) err("Premature end of file");
iz (2 '= sscanf(buf, "%s%lf*, tmp, X(RATES(i].deflt)))
err("Param problem);

strcpy(RATES(i] .name = (char =) malloc(strlen(tap) *+ 1), tmp);

for (i = 0; i < 3_GR; i++) /% skip groups */
it (igets(buf)) erz("Premature end of file");
for (i = 0; 1 < n_TR: i++) {/* read transitions =/
i? (i!gets(but)) err(“Premature end of file");
iz (5 != sscanf(buf, "%s%l2%d%d%d"”, tmp, X(TRANSITIONS(i].rate),
Z(TRANSITIONS(i] .dep), 2k, &1) (| 1 < 1)
arz("Transition def problem”);
switch (k) {
case J:
TRABSITIONS(i].type = TTY_EXP;
break:
case 1:
TRANSITIONS(i].type = TTY_IMM:
break;
case 127:
TRANSITIONS(i].ctype = TTY_DET:
iz (TRANSITIONS{i].rate < 1e-10)
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e ("0-delay, deterministic transition®);

TRANSITIONS(i] .rate = 1.0 / TRANSITIONS({i].rate;
break;

default:
exrx("Unknown transition type");

strcpy (TRANSITIONS(i] .name = (char *) malloc(strlen(tmp) + 1), tmp);
TRANSITIONS(i].inpts = 0;
TRANSITIONS [i] .outpts = 0;
TRARSITIONS(i].inhibs = 0;

tor (j = L; j=—;) { /% read inputs =/
it (!gets(buz)) err("Premature end of file");
iz (3 != sscanf(bur, "%d¥d%d“, &k, &1, &) || 'k [| =1 <0 |] 1

>= n PL || m < Q)
err("Transition input def problem”);
iz(k < 0) kx = ~-k;

vhile (x—) {
t = (struct place_list ») malloc (sizeof(struct place_list));
t->pl = &PLACES(1];
t->next = TRANSITIONS(i].inpts;
MSI‘]I:IUIS {il.inpts. = ¢t;

while (m--) /* skip geo-info s/
iz (!gets(bur)) err("Premature end of file");
}
iz (!gets(buf)) err("Premature end of file”);
iz (1 != sscanf (buf, “%d”, 2k) || kX < 1) «r("TR output problem”);
for (j = k: j=—;) { /® read outputs =/
iz (!gets(bur)) err(“Premature end of file");
iz (3 !'= sscanf(bur, "“Id%d%d", &k, 21, @) Il ' || —1 <0 || 1
>> n PL || m < Q)

exr("Transition output def problem”);
i2(x < 0) k = -k:

vwhile (X-=) {
t = (struct place_list *) malloc (sizeof(struct place_list));
t->pl = &PLACES(1];
t->next = TRANSITIONS(i].outpes;
TRANSITIONS (1] .outpts = ¢;
}

shile (m--) /* skip geo-info =/
iz (!gets(dur)) err(“"Premature end of file");
}

iz (!gets(bur)) erz("Prematurs end of file“);
iz (1 !'= sscanf (buz, "%d”, &x) [| X < 0) earz("TR inhibt problem”);

for (j = x; j==:) { /* read inhibits s/
iz (!gets(bur)) erz("Premature end of file");
iz (3 '= sscan?(bur, "%d¥%d%d", &k, &1, &) || '®x || —1 <0 []| 1

>> 3 PL || @ < 0)
err("Transition inhibit def problea”);
/= = MODIFICATION INSERTED HERE =/
shile (X——) {
t = (struct place_list =) malloc (sizeof(struct place_list));
t->pl = ¥PLACES(1];
t->next = TRAMSITIONS(il.:inhibs;



TRANSITIONS(i] .inhibs = t;

}
/e — EX¥D OF MODIFICATION
it (x) {
t = (struct place_list #) malloc (sizeof(struct placs_list));
t->pl = &PLACES(1];
t->next = TRANSITIONS(i].inhibs:
TRANSITIONS(i].inhibs = ¢;

b3
=/
while (a—) /% skip geo-info */
iz (igets(bu?)) err("Premature end of file”); } } .
orz(s)
char =s;
{
fprint? (stderr, "%s\a", 3);
exit(1);

}
priat_net () /* print the garbage =/
{

register int i, j;
register struct place_list «t;

for (i = 0; i < a_MK; i++)
print? ("PARAM %s %.10e;\n”, MARKS(i].name, MARKS({i].deflt);
for (i = 0; 1 < n_RT; i++)
print? ("PARANM %s %.10e;\n", RATES[i].name, RATES(i].deflt);
for (i = 0; i < a_PL; i+) {
j = PLACES{i].tokens;
it (§j < 0) {
j=-1-13;
iz (j >= a MK)
err ("Marking parameter probles”);
print? ("PLACE %s #marks= %s:\n", PLACES(i] .name, MARKS{j].name);
} else
printz ("PLACE %s #marks= ’d;\n", PLACES(i].name, j);
}
for (i = 0; i < n_TR; i++) {
ifz (TRABSITIONS(i].rate < 0) {
j = =0.5 - TRANSITIONS{i].rate;
iz (j >= a_RT)
err (“Rats parameter probdlem");
printz (“TRANS %s %s rate= s, dep= %d : ", TRANSITIONS(i].name,
tzns_types [TRANSITIONS(i].typel, RATES(j].name,
TRANSITIONS(:] .dep);
} else
printz (“TRANS %3 /s rate= %e, dep= %d : ", TRANSITIONS(i].name,
zrns_types (TRANSITIONS(il.typel, TRANSITIONS(il.rate,
TRANSITIONS(i] .dep);

tor (t = TRANSITIONS(i].inpts; t; t = t->next)
priacz ("%s “, t->pl->name);

for (t = TRANSITIONS(i].inhibs; t; ¢t = t->next)
print? ("'%s “, t->pl->name);

printz ("-=>*);

for (t = TRANSITIONS(i].outpts; t; t = t->next)
priact? (" %s", t->pl->name);

print2(";:\n");



¥
printz(“send\n");

A.3 assign — Place and Transition Assignment

A.3.1 masg: Make file for assign

#% Make file for assign
=

=

EXEC= assign

2 J

#% -g = Debugging infe

##* -0 = Optimize

CFLAGS= -g

=

#% Libraries

## X11 I11 graphics library

>

LIBS=

*

t 2

OBJECTS= assign.o \
syserTr.o

>

#% Compile & link

b 2

$(EXEC): $(QBJECTS)

cc $(CFLAGS) -o $(EXBC) $(0BJECTS) $(LIBS)

=

b2

#% End of make file

=

A.3.2 assign.c — 'C’ program Code

#include <stdio.h>

#include <string.h>

#include "size_limits.h”

#include "defs.x*

#detine LONGSIZE sizeof( long ) = 8

int longsize = LONGSIZE;

struct tr { /® -- Holds info on transitions
char name{ MAXLEY ];
unsigned assigned : 1
float firing rate;
char type( MAXIL:ZN ];
int host;
long LInputMask([ MAXTRANS / LONGSIZE + 1 J;
long GInputMask( MAXTRANS / LONGSIZE + 1 ]1;
char in_dep( MAXDEP ] [ MAXLEX ];
char out_dep( MAXDEP ] ([ MAXLEX ]:
char inhibit( MAXDEP ] [ MAXLEX ];
} T{ MAXTRAES ];

s/
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struct pl { /* == Place info ¢/
char name( MAXLEX ];
unsigned assigned : 1;
unsigned global : 1i;
int host;
int marking;
> P{ MAXTRAES ];

struct hosts { /* -~ Host info =/
char HOSTNAME( MAXLEX ];
char CLIENTEAME({ MAXLEN 1;
char SERVERNANE( MAXLEN ];
int LOCAL_MASK_SIZE;
int LOCAL_PLACES;

int NO_TRANSITIOQNS;

} 2( MAXHOST ];

int GLOBAL _MASK_SIZE;
int GLOBAL_PLACES;

long GinputMask( MAXTRANS / LONGSIZE + 1 ];
long LinputMask({ MAXTRANS / LONGSIZE + 1 ];

FILE =#in_f, *host?, sfopen();

int p_no, t_no, h_no; /= == Countars for places, transitions & hosts. Has

the # of respective items when readinfo() is
finished =/

int assigned_places = 0, assigned_trans = J;
BOOLEAN distributed = FALSE:

/®

Ll readinto()

=.

- Reads the input file and scans each line to determine if it is a
s transition or a place. The infc is then assigned to the respective
L arrays T and P for eachk slement. The "hostname file is read and

= the info is placed in the H array.

=/

void

Ecadinio()

char but{ 1024 ], temp( 1024 1, ctemp2( 1024 ], temp3( 102¢ 1,
typel S 1. =pl, *p2;

char sstrcar(), e=strtok();

int d_no, imh_ne, i, j, mark, pos;

flocat racve;

p.noe = t_no = Q;
while ( fgets( buf, sizeot( butr ), in_f ) )
{

sscanf( bur, "%s", temp ):
11{( 1strcap( temp, "PLACE™ ) ) /* == PLACE info is read »/
sscan?( bur, "%ssisies/d", temp, kmark ); /* -— get name &k markinge/
for( 1 = 0; ( P{ p.no J.oame{ i ] = tamp( i ] ) != *\0’; i+ );
P( p.ao ] .marking = mark;
P{ p.ao 2.azsigncd
<4

= Q;
P{ p.zo J].global = O:

56
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P{ p.no ].host = -1;
P_RO++;

else if ( !strcap( temp, "TRANS" ) ) /@ - transition =/

{

sscan?( buf, "%ssisislesif", temp, type, Zrate );
/* — Get any host assignment =/

T{ t_no ].assigned = 0;

i:{( strrchr( temp, 'Q’ ) )

for( pos = 0; temp(pos] != '@’ ; pos++);
for ( i = pos + 1, j= 0; (temp2( j] = temp( 1 ]) != '\O’;
je*, i+ )
if ( sscanf( temp2, "¥d"™, &i ) != -1 )
{

TC t_.no J].host = i;
T( t_no ].assigned = 1;
assigned_trans++;

¥
stxepy( T{ t_no ].name, temp };
it ( !T{ t_no ].assigned )

T( t_no ].host = -1;
stxepy( T{ t_no ].type, type );
T( t.no ].firing rate = ratae;

/®= — Get input dependencies =/
Pl = strchr( buf, ‘:’ ):
P2 = buf;

pos = pl - p2;

/= — Caopy in dependency part of but =/

for (i s pos + 1, j = 0; ( temp{j] = bu{i] ) != '=1; i+, j+ );

temp( j - 1] = ’\0’;

d_no = 0;

inh_no = 0;

strcpy( temp2, strtok( tamp, " " ) );

iz ( p1 = strchr( temp2, '!’ ) ) /% —— Inhibitor arc found s/
{

for (i = 1, j = 0; ( temp3(j] = temp2{il ) != '\0’;
i+e, jo+);
stzepy( TC t_no ].inhibit{ inh no ], temp3 );
inh_no++;
else
{
strepy( T( t_no ].in_dep( d_no ], temp2 );
d_no++;
foxr( ; ( pL = strvok( WULL, “ " ) ) /= == Get rest of inputs s/
1= '\Q’; )
{
stTcpy( temp2, pi );
i2 ( 91 = strehr( temp2, '!' ) ) /= — Inhibitor arc found =/
{
for (i = 1, j = 0; ( cemp3(j] = cemp2{il ) '= ’\o’;
1ve, j++)s
strepy( T t_no ].inhibit{ inh_no ], temp3 );
inh_no++;
}
else

1



strepy( TC t_no ].in _dep( d.no ], temp2 ):

d_no++;

}
/% -= Get ouput dependencies =/
pl = strchr( buf, >’ );
P2 = but;
pos = pl - p2;
/* — Copy out dependency part of but =/
for (i = pos + 1, § = 0; ( temp(j] = buz(i] ) != ’;’; i++, j++ )3
templ j ] = *\0’;
d_no = 03
strepy( TL t_no ].out_dep( d_no ], strtok( temp, ™ " ) );
d_no++;
tor( ; ( pi = stxtok( NULL, * * ) ) l
'= '\0’; d_no++ )
strepy( TL t_no ]l.out_dep{ d_no ], p1 );
t_nov+;
iz ( t_no > MAXTRAENS || p_no > MAXTRAES )
syserr( “Recompile vith larger MAITRANS comstant® );

else /* —- Input is %end =/
close( in_t );
}

/% — Read in "hostname"” 2ile »/
h.no = 0;
~ while ( fgets (buf, sizeof( buf ), host? ) )
{
temp( 0 ] = ’'\0’;
sscan?( duf, "%d%s”, ¥A_no, temp );

stzepy( H( h_no ].BOSTEAME, temp );
h_no++;

}
close( host? );

/*

.. assign()

=

- The places and transitions are assighed to the hosts by this procedure
== by succesaively looking at each place to count # of dependecies

s to already assigned (preassigned) transitions. If there is ome

s dependency, the place is local, if there is more than one, the place

== is global.

- The unassigned transitions are then checked to see how many dependen- -
.= cies it has on each host. The transition is placed at the highes

.= host count.

-s

== The above two steps are repeated until all places X transitions are

»= assigned to a host.

-

/

void assign()

char buf( 1024 1, temp( 1024 I; 1

int host_count{ MAXHOST J; /% == Count # of referasnces to host =/
int p, ¢, tap, i, no_dep;
BOOLEAN done = FALSE;

for (1 =2 0; i < h_ne; i+* ) host_count{ i ] = 0;



!h%lo ( idone )

/® — For each placse, see if it is free, if so, count # of dependencies
on each host and assign it to host with highest count =/
1°§(p=°=p<p.no:p*+>

1:{( ‘P{ p ].assigned )
for ( £t =2 0; t < t_no; T+ ) /% = For all transitions =/
ii{( TC ¢ J.assigned )

/® — Check if p is an input dependency =*/
tor (i = 0; sezxcmp ( T [t ].in_depl i1, "* ); i++ )
iz ( tstrcap ( P( p l.name, TC ¢t ]J.in_depl i ] ) )
host_count{ T{ t ].host ]++;
/% = Check if p is an output dependency =/
tor ( i =0; stxcmp (T (¢t J.out_depl i ], " ); i+ )
iz ( !'strecap ( PL p l.name, TL ¢t J.onc_dep{ i ] ) )
host_count{ T{ t ].host J++;
/* — Check if p is an inhibitor dependency =/
for ( i = 0; stxcap ( T [ ¢ J.inhibit( i ], "* ); i++ )
iz ( !'stxemp ( P{ p ].name, TC ¢t ].inhibit( i ] ) )
host_count( T t ].host J+=+;
}
}
/= — Count # of occurTences of each transition to place the
place at the host with the most dependecies =/
no_dep = 0;
tmp = 0;
tor ( i =0; i < h_mo; i+ )

if ( host_count{ i ] > Q0 )

no_dep++;
tap = i;

host_count{ i ] = 0;

switch ( no_dep ) /® =—— Check if place is a dependent of .. s/
{
case 0 : /% == Q transitions -> <free place =/
break:;
case 1 : /* -— Transitioms on 1 host -> local place =/

P{ p ].host = tap;

assigned_places++;

P({ p ].assigned = 1;

break;

default : /= -= Transitions on > i hosts -> global =/

P{ p ]l.global = 1;

P{ p ].host = -1;

assigned_placas++;

P({ p ].assigned = 1; } } }
/= — For each transtion, check if it assigned, if not, count # of

dependecies and assign it to the host vith the highest count «/

for ( ¢t = 0; ¢ < t_no; t++ )

it{( 'T( ¢ ].assigned )

/% —— For each inputr dependency, count 2 of occurrences on losts/
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.J.g.n.doytp] » ") pt)

ko d

in_depl p 1, P{ i l.name ) )
s &g P(il.host >= 0 )

host_count{ P{ i ].host J++;

/a — For each output dependency, count # of times on host */
for ( p = 0; stremp ( TC ¢t J.out depl p 1, " ); p+ )
for ( 4 3 0; 41 < p_oe; iw)
iz ( tstzcap ( TC ¢ J.out_dep{ p 1, P{ i J.name ) )
it (P i J.assigned & P
host_countl P{ i ].host ]++;

/® = For each inhibitor dependemcy, count # of times on host */
for ( p = 0; serxemp ( TL G‘F.inhi'bit( Pl, ") pr)
tor (i =0; i< p.mo; i+ )
if ( !stremp ( TC ¢ 1.inhibit[ p ], PC i ].oame ) )
iz ( PC i ].assigned && P{i].host >= 0 )
host_count{ PL i ].host J++;

tap = 03
toz(iso:i<h.no; i+ )

i? ( host_count({ i ] > tmp )
tap = i;
host_count[ i ] = O3
}
TC ¢t ].host = tap;
TC ¢ ].assigned = 1;
assigned_trans++;
y }
i2 ( ( assigned_places >= p_no ) &k (assigned_tTans >= t_n0 ) )
done = TRUE;

}

}
/»
b 241l _host()
28
= The tdefine statements for each token player is generated in this
b procedure by counting # of local and global places and 2 of
- transitions at eacl host.
-l
= The token ring succession is determined and the CLIENTXAME and
= SERVERNAMEs are assigned.
=/
void £ill_hosz()
{

int i, j;

for ( i = Q0; i < h_no; i++ ) /% == Count # of places & trans Q host i =/

for ( j = 0: j < t_ao; j++ )
i ( TC j l.host == i)
EC 1 1.490_TRANSITIONS++;

for ( j = 0; j < p.no; j++ )
if ( PC 7 I.host 3= 1 )
B{ i ].LOCAL_PLACES++;



B( i ].LOCAL_MASK_SIZE = B[ i ].LOCAL_PLACES /

y longsize + 1;

for ( i = 0; i < p_no; i+ ) /® — Count # of global places s/
i2 (PCid. global )
GLOBAL _PLACES++;

GLOBAL_MASK_SIZE = GLOBAL_PLACES / longsize + 1;
for ( i = 1; 1 < h_no; i++ ) /® — Assign hostnames =/

stzcpy( B[ i ].SERVERNAME, E( i - 1 ].HOSTNAME );
) strepy( H( i - 1 J.CLIENTNAME, 3( i ].HOSTNAME );

strcpy( B( O 1.SERVERNAME, E{ h_no - 1 ].HOSTNAME );

strepy( HL h_no - 1 ].CLIENTEAME, E{ 0 ].HOSTX );
}
/=
L1 write_defs()
E 2]
-

The information generated by fill host() is sTitten to the net<i>.h
definition files for compilation of token players.

-8
-=

=/

void
write_defs()
{

int i;

char ¢;

char £( 100 J;

int t_count, t, h;
FILE =tp, *=fopen();

/* — Jdrite initialization for ICommand cliemt */
sprint?( £, “XCommand.i” );
iz ( ( fp = fopen( £, "w* ) ) == NULL )
sysexz( “fopen XCommand.i” );
tprintz( £p, "¥%d\a”, h_no );
for (i =0; i < h_no; i++ )
tprintz( fp, "%s\n", E[ i ].HOSTEAME );

fprantz( fp, "%s\n", B[ O ].BOSTNAME ):
close( p );

/= — Vrite initialization for XDisplay sexrver =/
sprintf( £, “XDisplay.i” );
11((1p=£opon(t. "w“))==lULL)
syserx( "write IDisplay.i” );
/* —— Print # of token players =/
tprint?( fp, "“%d ", h_no );
/= — Print # of global places =/
tprinct( £p, "%d ", GLOBAL_PLACES );
tprint2( fp, “%d *, p_do );
tprint2( fp, "%d\a", t_no );
for ( 1 =2 0; i < h_no; i++ )
{
tprintz( 2p, "%s *, H( i ].HOSTNAME );
tprintt( 2p, "%d Y“d\n", B[ i ].LOCAL_PLACES, B[ i ].XO_TRANSITIONS ):



}
for

(1i=0; 1< p.no; i++ )

tprint2( 2p, "%s %d\n", P{ i ].name, P{ i ].host );

for

(i=20; 1<t no; i++)

tprintz( tp, "%s %d\n", T( i ].name, TC i ].host );

/® —— Xots - make room for inh. arcs s/
close( tp );

/* — Vrite net<i>.h definition files for compilation of token players =/

Zoxr

{

}

(i=0; i< h_no; i++ )

sprintt( £, “Ynet¥d.h”, i );
it ( ( fp = fopen( £, "w* ) ) == NULL )

syserr( "fopen“ };
tprincs( fp, “sdefine\tHOSTEAME\t\"%s\“\n", H( i ].BOSTNAME );
tpriatz( fp, “#define\tHOSTEC\t¥%d\n", i );
tprint?( 2p, "#define\tNO_HOSTS\t¥d\n*, h_no );
tprintz( fp, "2define\tCLIENTNAME\c\"%s\"\n“, H[ i ].CLIENTNAME ):
fprint?( fp, “#define\tSERVERNAME\t\"%s\"\n", B[ i ].SERVERNAME );
tprintz( £p, "Sdefine\tHOSTONAME\t\"%s\"\n", E( O ].HOSTNAME );
fprintz2( 2p, “#define\tLOCAL_PLACES\tZd\n”, H[ i ].LOCAL_PLACES );
fprint2( tp, “#define\tNO_TRANSITIONS\t%d\n*, H{ i ].NO_TRANSITIOES );
fprint?( fp, "sdefine\tLOCAL_MASK_SIZE\t%d\n*, E( i ].LOCAL_MASK_SIZE );
fprintf( £p, "Mdefine\tGLOBAL_PLACES\ti{d\n*”, GLOBAL_PLACES );
fprints( £p, "#deZine\tGLOBAL_MASX_SIZE\t%d\n*, GLOBAL_MASK_SIZE );
sprint? ( 2, "nesid.i", i );
tprintz( £p, "*define\tNETFILE\t\"%s\"\n", 1 );
sprine? ( 2, "“er_linksid.i", i ):
tprint2( £p, "%define\tLINKFILE\t\"%s\"\n", 2 );
sprint? ( 2, "interfaceid.i", i );
tprint?( tp, "#deZine\tDRIVERFILE\t\"%s\"\a", ¢ );
if (1 == 0 )

fprintt( 2p, "sdefine\tHOSTO\ti\a" );
close( 2p );

/% — V¥rite taame<i>.h definition files for obtaining the number of each

for

{

transition at each host -- 9ill replacs all nonletter and digits with
_AT_. for @, _IN_ <for ?, and _QUT. for !. All other charactars are
Teplaced 3ith _. This makes the define names legal ir 'C’ =/

(kR =0; %2 < h_no; h+t )

sprintZ( 4, “<name’d.h", h );
it ( ( fp = fopen( 2, “3* ) ) == YULL )

sysexr=( "“Zopen” ):
t_count = Q;
for ( ¢t = Q; t < t_no; t++ )

{

iz (T{z] .host == h)
{

2orint( fp, "*define\t");
for (i = 0; (¢ = T(t].aame{i]) '= ’\O’; i++)
s

if ((e >= '0’ k& ¢ <
(e > "4’ 2& ¢ <
tpute(c, 1p):
else
switch (¢)

{

'194) |l (¢ >= 'a’ && ¢ <= *2*) ||
'Z*))
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}
/=

=0
=9
L2 ]
L L]
am
a8
E L]
E L]

-/

vo

id

case 'Q’ : fprintf(fp, “_AT_"); break;
case '?’ : fprintf(fp, "_IN"); break;
case '!’ : fprincf(fp, "_OUT"); break;
;ctanlt : fprintz(2p, *_“); break;

}
sprint?( £, "%d", t_count++ );
) fprines( tp, "\tis\a", 2);

}
close( 2p );

write_inits()

The initialization code (in 'C’') is generated as include files for
each token player. The extended incidence matrix is generated,
assigning to each transition the input and output arcs. The
local marking vector is generated and for HOSTO token player,

the global marking vector iz initialized as well.

write_inits()

int

i, j, x, p, ¢, h, flag;

char temp{ 1024 ], buz( 1024 1, 2{ 100 1;
FILE »fp, *topen();

/e — Initialize all masks =/

foxr

}

(£t =0; t < t_no; t++ )

for ( j = 0: j < (int) MAXTRANS / longsize + 1; j++ )
{

T( ¢t ].GInputMask( j ] = 0;
TC ¢ ].LInputMask{ j] = 0O
GinputMask{ j ] = o
LinputMask{ j 1 = 0

¥

/% —— For each host, make include file net<a>.i for imit.c =/
for ( B = 0; h < h_no; h++ )

{

sprint? ( £, "netid.i", h );
iz ( ( fp = Zopen( 2, “w* ) ) == WULL )
syserT( "fopen" );

/= -—— For each transition, initialize input incidence matrix =/
t =0
for ( 1 = 0Q; i < t_no; i++ )
{
iz ( T{ 1 J.host == h )
{

Zprinc?( fp, "strcpy( Transition( %d J].zag, \"%s\” );\a",
t, T( i ]l.aame );

fprinti( fp, "Tranaition{ ’d ].firing rate = %z;\n",
t, T{ i ].firing race );

iz ( !stzcap( TL i l.type, "imm" ) )



fprintt( fp, “Transition( %d ].immediate = 1;\n", %t );
it ( tstremp( TC i ].type, "det" ) )
fprintf( fp, "Transition[ %d ].timed = 1;\n*, €t );

/® — Check each input dependency to generate LInputVector =/
p=0;
for ( j = 0; j < pmo; j+*+ )

ii{( PC j ].host == 1 )

for ( kx = 0; stremp( TL i J.in depl{ X1, " ); k++ )
i:{( 1strcap( P{ j l.name, TC i J.in dep{ ® 1] ) )

tprintz( 2p,
»Transition(%d] .LInputVector {idl++;\n",t, p );
TC i ].LInputMask{ (int) ( p / longsize ) ]
' l2 (1 << p )

prs
}

}
/» — Nrite mask to file &/
for ( j =0; j <= ( int )( p / longsize ); j++ )

fprint?( £p, “Transition{ %d ].LInputMask( %d 1 = 0x¥x;\n",

t, j, TC i 1.LInpucMask{ j ] ):

/% — Check each output dependency to generate LOutputVector =/
P = 0;
toz(j:O;j<p_nn: i+ )

ii{( P{ j J.host == 1 )

for ( k = 0; strcwp( T( i J.ouc_depl X1, = ); e+ )
i:{( tstrcap( P{ j ].name, T i J.out_depl{ 2] ) )

fprintt( 2p,
“Transition{¥d] .LOutputVector Ydl++;\n", ¢, p );
}

P+
by
}
/® —— Check sach inhibit dependency to generate LInhibitVector =/
flag = 0;
p=0;
tor ( j = 0; j < p.no; j++ )

iz ( P{ j ].host == 1 )
{

for ( x = 0; strcmp( T{ i J.inhibit({ X ], “* ); X+ )
iz{( tstrcap( P{ j ].oame, TC i J.inhibit{ x ] ) )

tprincte( 2p,
"Transition(%d] .LInhibitVector (¥dl++:\n",s, p ):
flag = 1,

pr+
>

}
iz ( flag )

tprints( fp, “Tramsition{ %d ].LIahdrc = 1;\n", t );
/= -— Generate global input vector =/
flag = 0;



p=0;
!oz (jao: j<pono; j*+)

iz{( P j 1.global )

for ( x = 0; streap( TL i J.in depl X 1, "™ ); X++ )
i:{( tstreap( P{ j J.name, TL{ i J.in dep{ X ] ) )

fprint2t( f£p,

“Transition(%d] .GInputVector (Ndl++;\n~, ¢, p );
TC i ].GInpuctMask{ (int) ( p / longsize ) ]

I= (1 << p);
flag = 1;

Pt
}
b
/® — Urite mask to file =/
for ( j =0; j <= ( ime )( p / longsize ); j++ )
tprintz( fp, “Transition[ d ].GInputMask{ %d ] = Ox¥%x:\a",
t, j, TC i ].GInputMask{ j 1 );
it ( flag)
fprincz( fp, "Transition( /d ].glob_in = i;\n", t );
/* — Generats global output vector =/
flag = 0;
P =0;
1o§(j=0;j<p_no; j++ )

i:t{( PC j J.global )

tor ( X = O; sezewp( T{ i J.ouc_depl & ], “" ); k= )
i:{( tstxcap( P{ j ].oame, T{ i J.out_depl x ] ) )

tprintt( fp,
“Transition [id] . GOutputVector (idl++;\n*, ¢, p ):
flag = 1;
}
p++;
}
}
it ( flag )
fprintz( £p, "Transitiom{ %d ].glob_out = 1;\n", ¢t );
/% — Generate global inhibitor vector =/
1lag = Q;
P =0
for ( j = 03 j < p_no; j++ )

i:{( P{ j ].global )

for ( Xk = 0; sctremp( TC i ]l.imhibitl{ X ], " ); X+ )
if{( tstreap( P{ j J.name, TC i J.inhibit( X ] ) )
fprintz( ?p,
“Transition(’d].GInhibitVector(Ydl++;\n", ¢, p );
tlag = 1;
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fprint?( tp, “Transition( %d ].GInhire = 1;\n", % );
tprint?( fp, “Transition( %d ].glob_in = 1;\n", ¢ );

t++; /% -— Increment trans. counter for this host =/
}
}
/% — Generate local marking vector =/

p=0;
for ( j = 0; j < p_no; j++ )

{
i:!{( P{ j 1.host == 1)

tprint?( 2p, "strcpy( LocalMarkingV.tagl %d 1, \"4s\" );\n",
p, PL j ].name );
i:{( PC j ].marking )

LinputMask{ (int) ( p / longsize ) ]
I= (1 << p);
tprinct( fp, "LocalMarkingV.marking{ %d ] = ¥d;\n", p,
PL j ].marking );

P+

}
/» == Urits LocalMarkingV mask =/
for ( j = 0; j < (ine) ( p / longsize + 1 ); j++ )
fprintf( fp, "LocalMarkingV.LinputMask( %d ] = ox¥xz;\n", j,
LinputMask{ j ] );
/* — If this is HOSTO, initialize global marking vecter =/
it (h == 0 )
{

P =0;
tori'(j=0:j<p_no: =)
i:{( PC j ].global )

tprint?( fp, "stzcpy( GlobalMarkingV.tagl “d I, \"%s\" );\n",
p, P{ i 1l.2ame );
iz ( PC ;3 ]1.marking )
{

GinputMask[ (int) ( p / longsize ) ]
[= (1 <<p )
fprantZ( #p, “GlobalMarkingV.marking{ %d ] = %d;\a", p,
PL i 1.zarking );
),

P+
}
}
/® ~— Nrite gmv mask e/
for ( j = 0; j < (ine) ( p / longsize + 1 ); j++ )
tprintz( £p, “GlobalMarkingV.GinputMask{ %d ] = oxz;\a",
j, GinputMask{ j ] ):
fprint?{ #p, "GlobalMarkingV.GM_av = 1;\n" );
fprintz( 2p, “GlobalMarxingV.update = O;\n" );

>
else /+ -— Initialize tags omly =/
{
p =0
for ( j = 0; j < p_no; J*= )
{

iz ( P{ j 1.global )
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{

fprint?( tp, “strcpy( GlobalMarkingV.tagl %d 1, \*%s\" );\a",
p, PL j ].name );
P

>
}
tprintf( £p, "GlobalMarkXingV.GM_av = 0;\n" );
fprint2( ?p, “GlobalMarkingV.update = 0;\n" );

}
close ( fp ):
}

main(azrge, argv) /* -~ Reads the net info in the 2ile given to main and
distributes the places and transitions across the
different nets on the hosts in the "hostaname”" file =/

int argc;

?m: * argv;

char name(100];

iz ( ( in_f = fopen(“"tast.n”, "r® ) ) == -1 )
syserr( "opem in_2* );

iz ( ( host? = fopen(“hostnames”, “r* ) ) == -1 )
syserr( "openr hostnames” );

readinfo(); /* — Read in net info and put in P, T and § arrays =/
assign(); /% -- Assign transitions and places to hosts =/

£il1l host(); /= -~ Get host names and assign server and client names =/
vrite_defs(); /* -- WVrite net<n>.x include files */

write_inits(); /* — Write net<a>.i net definition files =/

s

A.4 pnn — Token Player Implementation

A.4.1 mpn: Make file for pnn

gus

:

pn

-g = Debugging info
-0 = Qptimize
~g
Lidbraries
11 11 graphics library

3238@#%8

BS= -lm

““E

]

player.c \

syserT.o \

setblock.o \
server_intr.o \
intr_timer.o \

client.o \
timed_trans_handler.c \
timer.o \



zrand.o
evant_handler.c
init_net.c
dump.c

Compile & link

2888

:

$(OBJECTS)

cc $(CFLAGS) -o $(EIBC) $(OBJECTS) $(LIBS)

End of make file

b § 3 %1

A.4.2 master-player.h — Data Structure Definition File

#include "size_limits.h"

#define EXTERNAL_I0 1

#define GMV_LINIT NO_TRANSITIONS+10

$define TR_LINIT XO_TRANSITIONS

Sdefine LONGSIZE sizeof( long ) *

/. --

/& -

/e -=

/e —

Contains maximum sizes =/

Defined when the DPNC uses a socket
for communication with a device
driver program =/

Jumber of iterations of the token
player before releasing the gav =/

Sumber of fired transitions before
sending the firing sequence to the
IDisplay server (defines updatse
rate) =/

/® -= % of bytes in a long int =/
Sdefine MASK_BUFSIZE GLOBAL_MASX_SIZE /* -- Size of aask for global m.v. maske/
#define GNV_BUFSIZE 1 + MASX_BUFSIZE + GLOBAL_PLACES /* -- Size of gav bufs/
8define NO_BYTES ( sizeof ( long ) = GMV_3UFSIZE ) /% == % of bytas in

gmv buffer =/

/*8define DEBUG 1 =/ /* -- Print general info =/

8define DEBUG1 1 /% == Print transition Zired =/
#define DEBUG2 1 /* == Print timed transitions duration =/
struct trans { /® -~ The stzuct Zor the tramsition info. =/
unsigned firing T 1; /= -- Currently firing ./
unsigned fire S /= -= Fire (timed) =/
unsigned glob_in 1; /% -- Input Zrom global m.v. */
unsigned glob_out 1; /= == Qutput to global a.v. =/
unsigned LInhAxc 1; /* -- Local inh. arc s/
unsigned GInharc 1; /* -- Global inh. axc =/
unsigned immediate i /% -- Immediate tramsition */
unsigned timed D ¥ /% -- Exponentially timed tx.=/
unsigned preconditions : ; /= -— Set if preconditions
axist (procadure) =/
unsigned postprocessing : 1. /= -- Set iI poatproc. 1s
to be done (procadure
call) s/
unsigned long  end_time; /= -= The expiration time of

f£loat Ziring_zate;

int (*preprocass) ():
to see if transition is

/s
/=

the timer for timed tr.=/
-- Firing rate for timed or

deterministic cr. =/
-~ Procadurs to be called
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enabled. Returns true if

conditions are ok =/

int (=postprocess)(); /* == Procedure to be called
vhen transition fires =/

char tag (MAXLEX] ; /* -=- name of transition s/

long LInputMask [LOCAL _MASX_SIZE]; /* —— Local mask s/

long GInputMask (GLOBAL_MASK_SIZE];: /® -- Global mask »/
short LInputVector (LOCAL_PLACES]; /* Input incidence matrix s/
short LOutputVector{LOCAL_PLACES]; /»Cutput inc. matrix ./
short GlaputVector{GLOBAL_PLACES]; /= Input incid. matrix =/
short GOutputVector {GLOBAL_PLACES]; /+Cutput inc. matrix =/
short LInhibitVector{LOCAL_PLACES]; /* Inhibitor arc mult. =/
short GInhibitVector{LOCAL_PLACES]; /+ Inhibitor arc mmlt. =/

};

struct LocalMV { /= — the struct for the local marking vector ./
short marking (LOCAL_PLACES]; /% == Marking of local placesss/
long LinputMask{LOCAL_MASK_SIZE]; /* —— Local mask -/
char tag(LOCAL_PLACES] [MAXLEN]; /= — Tag to be printed =/

};

stInct GlobalMV { /= -~ The struct for the global marking vector s/
unsigned update : 1; /® - Set if update necs. 74
ansigned GM_av : 1; /* —— Set iZ GN available =/
long GinputMask{ GLOBAL_MASK_SIZE]; /» — Global mask s/
shors marxing [GLOBAL _PLACES]; /% = temporary marking =/
short 01d (GLOBAL PLACES] ; /® — temporary storage =/
char tag (GLOBAL_PLACES] [MAXLEN]; /® -~ Tag for local

places =/

enum comd_type { RUN, HALT, RESET, STQP };

A.4.3 defs.h — Macro Definitions
typede? emum { FALSE, TRUE } BOOLEAN;

#define lowbyte(w) ((w) & 0377)
8define highbyte(w) lowbyte((w) >> 8)

A.4.4  size_limits.h — Sizes of Data Structures

3define MAIDEP S50 /® == % of dependencies of each transition =/
#define MAXHOST 10 /& == Max 3 of hosts s/

2dezine MAXTRANS 200 /* -— Max % of transitions/places in net =/
3define MAILEN 20 /% -— Maxz string length for any name =/
3define MAXPROCESS ¢ /e == zaximum number of processes forked that

must be killed before exiting main() =/

A.4.5 portnums.h — Socket Port Numbers

#define PLAYERPORT 1500 /= -— Port number Zor tokem ring sockets =/
tdetine COMMANDPORT 2500 /= -~ Port number for command sockets =/
tdefine DISPLAYPORT 3600 /= -- Por= number for display sockets =/

#define IOPQRT 4500 /% -~ Pors number for i/o with devics driver =/
3detine QFFSET1 30 /® -= OQffset for simulator i s/

2define OFFSETZ 75 /* -= OfZset for simulator 2 =/



A.4.8 player.c — Token Player Routines and main()

#include <sys/types.h>
#include <ays/socket.h>
#include <netinet/in.h>
#include <netdd.h>
#include <stdio.h>
#include <fcatl.h>
#$include <errmo.b>
#include <signal.d>
#include “portnums.h”
#include "player.h”
#include “size_limits.h*
#include “detfs.h”

extern BOOLEAN single_step;
extern BOOLEAN event_flag:

sStTUCt trans Transition(NO_TRARSITIONS]; /* —— Array of transitions =»/
struct LocalMV LocalMarkingV; /* -—— The local marking v. */

struct GlobalMV GlobalMarkxingV; /% — The global m.v. =/
int longsize = LONGSIZE;
int token_in; /® — File descriptors for use to receive and send =/
int token_out; /= the token vector */
int out_X_win; /® — File descriptor for writing info to the
X window for this player =/
int command _in; /® — File descriptor for command socket. */
inc io_socket; /= -~ File descriptor used for recsiving and sending

extarnal event info =/
enum comd_type command; /* -- Type for possible command nodes of player */

/-
E L]
s fire_timed_transition()
28
- Fires a timed transition.
s/
fire_timed_transition( tr_no )
int tr_no; /% -- Holds the integer # tranaition =/
{
int (=exec) () /= -- A temporary pointer to the address of the

procedure to be called. =/
#ifdef DEBUG1L

print?( "\n%s fired timed ", Tramsition(tr_noc].tag );
#endiz
Temove_tokens( tr_no );

if ( Transition( tr_no ].postprocessing )

exec = Transition([ tr_no ].postprocess; /= —— Assign addxess
to exec =/
(sexec} ( ®Tr_mo ); /* —— Call procesdure =/

add_tokens{ tr_mo );
update_Iwindow( tr_me, 1 );
event_flag = TRUE;

iz ( single_step ) command = RUN;

/®
- token_player()




L L

o is called vhen an event occurs (RUN, external event, timed transition
L enabled or the gmv is available.

s

. The player will run until

" a. No more transitions fire, or

s b. a command different than RUN is received.

s

= The glodbal marking vector is Xept for GNV_LIMIT # of iterations until
- it is released to the netx token player.

..

sn Vhen no more transitions fire and the mode is RUN, blocking is

b turned on for the eventpipe 3o that the token player will not be
- invoked again until an event occurs. This makes the token player
- event driven.

-

= When a transition is enabled, it fires if it is an immediate

- transition. Timed transitions are fired later (if still enabled).
E 2

=/

void

zokcn_playcr()

int tr_cnt = 1;
int tr;

/% == Countar for transitions =/

'h%l. ¢ ( ( tr = get_next_transition() ) != -1 ) & ( command == ROU¥ ) )

get_event(); /® =~ Any new event ? s/
itz ( enable ( tr ) )

tize( tz ); /% —— Fire transition tr s/

it ( command == RU¥ )

it{( GlobalMarxingV.GN_av )

tr_cat += 3;
iz ( tr_cat > GMV_LIMIT ) /= -- GMV_LIXIT iterations done s/
{

release _gav(); /% - Release gmv to next tokem pl.=/
tr_eat = 1; } } }

/* -~ Release gmv vhen no other

transisiton can fire s/
Telease_gmv();

fire()

fire ¥ill call procedure for immediatse or timed transitioms (if any) .
I2 the ctraniition has a procedure and is immediats, this procadure is
called immeciately and executed sequentially (within same context as

fire() ). The data structures in lav and gmv are updated immediately,
as is the Transition{ ¢t ] data sctrucsurs.

If the transition is timed, the transition # is given to timed_trans_
bandler(). The transition may fire if still enabled vhen the timer
expirea Zor the transitionm.
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2ixe( tr_no )
int tr_no;

int (sexec) (1: /% — A temporary pointer to the address of the
sdure to be called. =/
ii{( Transition( tr_no ].immediate )

remove_tokens( tr_no ); /s — Remove tokens =/
add_tokens( tr_no ); /* == Add tokens /
#itdet DEBUG1
print2("\n%s fired”,Tramsition(tr_nol.tag);
Sendit
it{( Transition[ tr_no ].postprocessing )

exec = Transition( tr_no ].postprocess; /* -- Assign address
to exec */
(wexec) ( tx_Do ); /= -—— Call procedurs =/

update _lwindow( tx_mo, 1 );
event_2lag = TRUE;
it ( single_step ) command = HALT;

else /% == Timed transitiomn =*/
ifz ( Transition[ tr_no ].fire ) /e - Timer has finished =/
{
Transitionl tr_no ].fire = O;
fire_timed_transition( tr_no ); /® — Fire transition if still
enabled =/
}
else
{
Transition[ tT_no ].firing = 1; /® -—- ¥o timer is rumming for

this transition, so start
the timer =/
start_timer( tr_no );

}
b
} /% = tire() =/

/=
- enable(tr_no)
a8
aa 2.1) If .global AND global marking vector is avaliable
b 2.2) If AND global input masks to see if this transition may fire
- 2.3) Check # of tokens available ==> check_globav
- 3.1) If AND local input masks %o see if tlis transition may fire
na .2) Check # of tokens available ==> check_localmv
L1 3.3) If preconditions set, check if these are satisfied
- 4) Return true if all conditions are satisfied
-
=/
int
enable(t)
int ©; /= — ¢ is the transition number to be checked =*/
{
int (sexec) (): /% == A temporary pointer to the address of the
procedure to be called. =/
int i:
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/® — If a timer is running for this transition, do 2ot check again +/
i2 ( Tramsition( t ].firing 2& Transition( ¢ ].end_time )
return ( 0 );

/% — Clear .firing flag such that the transition may be tested again */
iz ( Transition( t ].firing && !Transition( t ].end_time )
{

Transition( t ].firing = 0;
Transition[ t ].fire = 1;

/® — Both conditions must be true */
if ( Transition( t ].glob_in )

it ( '(GlobalMarkingV.GX_av ) ) /= 2.) =/
retarn( 0 );
olzo

/* — Check Global marking mask =/
for ( i = 0; i < GLOBAL_MASK_SIZE; i++ )
iz ( '( ( Transition( t ].GInputMask{ i ]
& GlobalMarkingV.GinputMask[ i ] ) ==

Transition( ¢t ].GInputMask{ i ] ) )
return( 0 );

/% — Check Global marking vector =/
iz ( !'( checx_globmv( t ) ) )
return( 0 ); /* 2.3) =/

/® — Check Inhibitor arcs if any o/
iz ( Transition{ t ].GInhire )
it ( !check_glob_inhibit(t) )
return( 0 );

}

/® — Check Local marking vector =/
for ( i = 0; i < LOCAL_MASK_SIZE; i++ )

{
iz ( '( ( Tramsition( t ].LInputMask{ i ] & /*= 3.1) =/
LocalMarxingV.LinputMask( i ]) ==
Transition([ ¢t ].LInputMask( i ]))
X return( O );

/% == Check Inhibitor arcs if any =/
if ( Transition{ t ].LInharc )
if ( !'check_local_inhibit(s) )
retura( 0 );

i? ( check_localmv( t ) ) /= 3.3) =/
{
iz ( Transicion( t ].preconditions ) /% 3.4) =/
exec = Transition( t ].preprocess; /= -—— Assign address =/
it ( (=exec) ( = ) ) /% — Call procedura =/
retura( 1 ); /= &) ./
else

retura( 0 );

alse
retura( 1 );



else

retuxra( 0 );

/=

/® — enable() =/

=8
e
L L]
L L]
L]
b L]

o/

check_globmv(t)

1) Check each input arc to transiticm t to see if # of takens in

the GlobalMarking? >= the number of input arcs to t from each
place in the GNV

check_globav( t )

int ¢; /% — t is the transition number to be checked =/

{

int i;

for ( i = 0; i < GLOBAL_PLACES; i+ )
if ( Tramsition( t ].GInputVector{ i ] >

GlobalMarkingV.markingl i ] )

retural( 0 );

retura( 1 ); /» Return TRUE only if all arcs & places checked =/
}
/»
=%
- check_localav(t)
L
»n 1) Check each input arc to transition t to see if # of tokans in
- the LocalMarkingV >= the number of input arcs to t from each
== place in the LMV
L L]
=/
check_localmv( ¢t )
int t; /= -— t is the transition number to be checked =/
{
int i;
for ( i = 0; i < LOCAL_PLACES; i+ )

if ( Tramsition{ t ].LInpuctVector{ i ] >

LocalMarkingV.markingl i ] )

retura( 0 );

}
/=

retura( ! ); /* Return TRUE only if all arcs & places checked =/

-/

check_glob_inhibit(t)

1) Chaeck each inhibiter arc not -! to see if
maltiplicity of inh. arc >= parking in placs + output mult. to placs
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check_glob_inhibiz( ¢t )
%nt t; /® = ¢t is the transition number to be checked @/

int i;

for (i = 0; i < GLOBAL_PLACES; i++ )
if ( Transition[ ¢ ].GInhibitVector{ i ] > 0 )
if ( Transition{ ¢t ].GInhibitVector{ i ] <

( GlobalMarkingV.marking{ i ] + Transition( t ].GOutputVector( i ] ))
return( 0 );

retura( 1 ); /= Retura TRUE only if all arcs X places checked =/
}
/.
L 2
- check _local_inhibit(t)
.
- 1) Check sach inhibitor arc not -1 to see if
ks multiplicity of inh. arc >= marking in placs + output mult. to placs
-/
check_local_inhibit( ¢t )
int ¢; /® — t is the transition number %o be checked =/
{
int i;

for ( i = 0; i < LOCAL_PLACES; i++ )
iz ( Transition{ t ].LInhibitVector{[ i ] > 0 )
it ( Transition[ t ].LInhibitVector[ i ] <

( LocalMarkingV.marking{ i ] + Tramsition( t ].LOutputVectorf{ i ] ) )
return( 0 );

retura( 1 ); /= Retura TRUE only if all axrcs & places checked =/
b
/=
=8
- Temove_tokens( transitiom )
-
= rsmove_sokens() is called after a transition is enabled and is fired.
e The procedure has a critical section becanse the marking vectors may
- be accessed by other processes concurrently.
-
- 1) For each input arc to the transition - remove # of tokens
= corresponding to # of output arcs to each output place.
= 2) Set zie masks too.
=/
remove_tokens( t )
int t; /= The transition +/
{
int i; /= — Counter =/
/* —— Remove tokens from local places =/

for ( 1 = O0; i < LOCAL_PLACES; i++ )
iz ( ( LocalMarxingV.markingl i ] -= Transition( t ].LInputVector( i ] )
= 0 )
LocalMarxingV.LinputMask{ (int) i / longsize ] =
LocalMarxzngV.LinputMasx{ (int) i / longsize ] &
“( 0x: << (i % longsize ) );



/% — Remove tokens from global places ¢/
i¢2 ( Transition{ t ].glob_in )
for ( i = 0; i < GLOBAL_PLACES; i++ )
iz ( ( GlobalMarkingV.marking{ i ] -=
Transition{ t ].GInputVector{ i ] ) ==0)
GlobalMarkingV.GinputMask{ (int) i / longsize ] =
GlobalMarkingV.GinpucMask{ (int) i / longsize ] &
“( 0x1 << (i % longsize ) )3
} /e ~— remove_tokens() =/ '

/=

e add_tokens( transition )

.

L] add_tokens() is called after a transition is enabled and is fired.
- 1) For each input arc to the transition - add # of tokens

- corresponding %o ¥ of output arcs to each output placs.

- 2) Set the masks for global and local marking vectors

./

add_tokens( t )

int t; /= The transition =/
{
int i; /= == Countar s/
for ( i = 0; i < LOCAL_PLACES; i++ ) /™ -= Add local tokens =/

iz ( ( LocalMarkingV.marking{ i ] +=
Transition{ ¢ ].LOutputVector{ i ] ) >0 )
LocalMarkingV.LinputMask{ (int) i / longsize ] =
LocalMarkingV.LinputMask{ (int) i / longsize ] |
( 0x1 << ( i % longsize ) ); /* — Set mask ./

iz ( Tramsition{ t ].glob_out ) /= — Add global tokens =/
{
for ( i = 0; i < GLOBAL_PLACES; i++ )
iz ( ( GlobalMarxingV.marking[ i ] +=
Transition{ t ].GOutputVector{ i ] ) >0 )
GlobalMarxingV.GinputMask({ (int) i / longsize ] =

GlobalMarkingV.GinputMask( (int) i / longsize ] |
(0x1 << ( i % longsize ) );

GlobalMarxingV.update = 1;

} /= -- add_zokens() =/

static int cIr = O; /% -- points to the next output buffer Ilor

ot tr_buffsr =/

/® -—— Buffer Zfor sending the # of ?irings and local and global marki =/

short info_bufZer{ 1 + NO_TRANSITIONS + LOCAL_PLACES + GLOBAL_PLACES |;
/=

-8
= flush_buss()
-8
-

¥rites the tr_buffer and pl_buffer to the XDisplay server.
a/
£lush_bufs()
{

int i;

y
/

iz ( 1( etz )
retura( Q );



info_buffer{ 0 ] = HOSTNO;

/% — Copy local marking info s/
for{ i = 0; i < LOCAL_PLACES; i++ )
info_butfer{ i + FO_TRANSITIONS + i ] = LocalMarkingV.markingl i 1;

/% — Copy global marking info =/
for{ i = 0; i < GLOBAL_PLACES; i++ )
info_buffer{ i + NO_TRANSITIOES + LOCAL PLACES +1 ] =
GlobalMarking¥.old( i I;

iz ( ( write( out_X_win, info_buffer, sizeof( info_buffer ) ) ) == -1 )
sysexrr( "writa out_I_win" );
ctr = 0
#ifdet DEBUG
printt(“LM : *);
for(i=0;i<LOCAL _PLACES;i++)
print2("%d ", LocalMarkingV.markingl i ]);
prinez("\n");
printZ(“GNM : ");
for(i=0;i<GLOBAL_PLACES:i++)
princ?("%d *, GlobalMarkingV.old( i 1);
p:l.’int:t("\n“);
;cndi!

/=

= reset_2iring count()
L L

an Sets the firing counter to zero.
L L

./

void
reset_firing_count()

{

int 1i;

for ( 1 = 0; i < NO_TRANSITIQNS; i++ )
info_butfer{ i + 1 ] = 0;

}

/.

-8

= update_Xwindow()

= <

. Stores the firing sequencs vector and sends it every TR_LIMIT firing
.. or vhen the token player is Zinished.

=/

update_Xwindow( tr_no, mode )
int tr_no, mode;
{

switch ( mode )

case | : /®= -= Add tr_no to output buifer =/
CTI++;
it ( ctr <= TR_LIMIT )
info_buffer( t=_no + 1 J++;
else

7
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{
info_buffer( tx_no + 1]++;
2lush_bufs();
break;
case 2 : /® — Flush buffers =/
flush_bufs();
break;
default
break;
}
}
/=
-8
L) close_all()
..
- Send termination signal to timed_trans_handler and close all open
- file descriptors.
s/
void
close_all()
{
close( tokem_in );
close( token_out );
}
/=
-8
] alarm_handler()
[ 1]
. Called every time the interTupt timer goes off.
./

zoid alarm_handler()

printi (u*u ) :

/=

-

. input_intexrrupt_handler()

-

s When an I/0 interrupt is issued, this routine is called.
s The procadure sets a flag.

=/

static int count = Q;
void
input_interrupt_handler()

switch ( count++ )

{

case 0 : printz( "\b-" ); break:

case 1 : primtf( “\b/" ); break;

case 3 : priatz( "\bi" ); break;

case 4 : printf( "\b\\" ); break;
case 5 : count = Q; break;

}
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}
/*

E & ]
- init_sockat()
-8
-
-
2%

Initializes the sockets for global marking vector token rTing.

token_in is socket for the server of SERVERNEAME that runs on this host

b and reads the token message Irom SERVERNAME.
=

- token_out is the sockst for the clieant to CLIENTNAME and writes to
L this.
a/f

init_sockets()
{ N
char temp;

/% =—— Connect to XDisplay =/
out_X_win = client_setup( BOSTONAME, DISPLAYPORT );

#if NQ_BOSTS > 1

#ifdef BOSTO /* -- This is token player 2 0 =/
/* — Setup SERVER connection for token player # 1 s/
token_in = serv_setup_intr( HOSTYAME, PLAYERPORT,

"Server waiting for pal ..." );
setblock( token_in, FALSE );

/= -= ¥ait until the last token player has opened its server for token
player 0 o/

print2(" Hit Enter vhen last token player server is ready : \n");
scang( "%s", Xtemp );
token_out = client_setup( SERVERNAME, PLAYERPORT );
#else /* — This is not token player 0 =/
token_out = client_setup( SERVERNAME, PLAYERPORT);
token_in = serv_setup_intr( HOSTYAME, PLAYERPCRT,
"Server waiting for pn(i+1)" );
setblock( token_in, FALSE );

#endif
#endif
command _in = serv_setup_intxr( HOSTNAME, COMMANDPGRT,
"Server waiting for XCommand ..." );
satblockx( command_in, FALSE ); /= recsive commands from

XCommand =/
#it HOSTXQ ==

#ifdef EXTERNAL_IO
io_socket = serv_setup_intr( BOSTYAME, IOPORT,
“Server vaiting for device driver program ..." );

sethblock(io_socket, FALSE ); /. receive commands from
devices driver s/
#endif
2endi?f
%if HOSTNO ==

#ifdet EXITERNAL_IC
io_socket = serv_setup_intr( HOSTNAME, IOPORT+OFFSET1,

“Server 3Jaitiag for devics driver program ..." );
setblock(io_socket, FALSE ); /= recsive commands from

device driver =/
#endif



#endit

#i2 BOSTEOD == 2
#ifde? EXTERNAL_IO

io_socket = serv_setup_intzr( HOSTNAME, IOPORT+UFFSEI2,

“Server waiting for device driver program ..." );
setblock(io_socket, FALSE ); /* receive commands from
device driver =/
tendit
#endit

signal( SIGIO, input_interrupt_handler ); /* —— Set up interrupt to be
issued whem i/o occurs */

} /= — socketinit() =/

/=

- main()

.

- main has the following structurs:

E 2

s 1) Imitialize net data structures ,

- 2) Establish commmnication to other players, IDisplay & ICommand

- 2.1) Eastablish communication with external machines to be controlled

= 3) Set up interrup timer for watchdog operatien

- 4) Vait for eveat

- 4.1) If command = RUN; Run token player

L until system is quiet (no further transitions fire)

bl 4.2) Goto wait for event

b §) If quit command issued, close sockets and exit

=/

main()

{ /* — main() */
init_net(); /® -- Initialize net =/
init_sockets();: /® — Initializes sockets for interhost

token message handling */

init_elapsed_time(); /% -- Set signal for interrupt timer /

signal (SIGALRM, alarm_handler);

#if X0_BOSTS > ! /8 ==
set_intr(5,0);

#else
set_intzr (0, 100000);

#endif

Set interrupt intervals =/

command = HALT;
while ( cocmmand '= STOP ) /* == Do until command == STOP =/
{
pause():
£f£lush( stdout );
get_event();
st%tch ( command )

case AUN : token_player();
break;

case FALT : Dbreak;

case RESET : init_net();
command = HALT;
break;

default :

30
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}
}
close_all();
exit( 0 );

A.4.7 event handler.c — Command and Marking Vector Handling

#include <stdio.lk>
#include "player.h”
#include “defs.h*

BOCLEAN single_step = FALSE;

extern struUCt trans Transition; /* -— Array of transitions =/
extern struct GlobalMV GlobalMarkingV; /+ -- The global m.v. =/
extern int longsize:
axtern int endpipe(]; /% — File descriptors for pipe. This pipe is
used for signalling end of timed trans. =/
extern int token_in; /* —— File descriptor for recsiving the gmv
the token from the previous player =/
extern int token_out; /® == File descriptor for sending the gmv to
the next token player =/
extarn int command_in; /% — Socket for receiving commands =/
extara int io_socket; /* — Socket for Teceiving external events =/

extern BOOLEAN timer_running;

enuR comd_type command; /e —— Type for possible command modes of player =/
BOOLEAN event_flag = TRUE;

static iat tr_pointaer = 0;
long io_buffer(2];

/=
-m
- get_next_trans()
-
- Teturns the next transition # to be evaluated for firing.
s
= First checks if a tramsition is on the event queue and returns
e This iz so. Else returns the transition pointed to by tr_pointer.
==
am If tr_pointer > NO_TRANSITIONS, then all transitions have been
- evalunated without any firing. (-1) is then returned to signal that
- token player may hibernate until another event occurs.
o/
int get_next_transition()
{

int tr_no;

iz ( event_Zlag ) /% -—— Event has occured, check all transitions again=/

{
event _Ilag = FALSE;
tr_pointexr = 0;
b4
iz ( timer_rumning ) /% == A timed transition may be ready to

fire, check all transitions =/
iz ( ( ez_.20 = timer_end() ) != -1 ) /= -= Some tTransition is done s/
retura ( Tr_ao0 );
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{2 ( tr_pointer < FO_TRANSITIOES )

return( tT_pointer++ ); /® -- leturn transition and increment
pointer ¢/
else /® -—— All transitions have been
checked and no one fired =/
{
tr_pointer = 0; /* =~ Reset counter and start new cycles/
return( -1 );
}
}
/*
-
e decode_comd( bduf )
e
- Decodes the first short of the glcbal marking vector. When this is
= not zero, a command is being passed around.
./
void decode_comd( com )
long com;
{
n'%tch ( com )
case 1 :
command = RUN; break;
case 2 :
command = HALT; break;
case 21 :
command = RUN; break;
case 3 :
command = RESET; break;
case 4 :
command = STOP; break;
case 5 :
iz ( single_step )
single_step = FALSE;
alse
single_stsp = TRUE;
break;
case 8

iz ( single_step ) command = RUN; break;
case T : break; /* -- Redraw =/
case 8 : break; /* -- Display Stats =/
case 9 : break; /® -- rates / times =/
case 10 : /= -- reset stats »/
reset_firing_count(); break;
case 11 : /% -= core dump */
dump(); break;

),
> /% == decode_comd() =/
/=
-
.- get_guv( buffer )
L 2]
= Vhen a gmv event is detected by event_handler, this routine
- is called to form the global marking vector.

..

. 2er{ 1 - n ] contains the global marking vector.
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s/

void get_gav( buffer )
%ong butter(d;

int i;

' GlobalMarxingV.GN_av = 1; /* — GMV is avaliable mow */
event_flag = TRUE;

12 ( GlobalMarkingV.update )
{
for ( i = 0; i < GLOBAL_PLACES; i++ )
{
GlobalMarxingV.marking[ i ] += buffer( i + MASK_BUFSIZE 1;
GlobalMarkxingV.GinputMask{ (int) ( i / longsize ) ] =
( GlobalMarkingV.marking{ i ] >0 ) ?
GlobalMarkingV.GinputMask[ (int) ( i / longsize ) 1 |
(0x1<<i)
GlobalMarkingV.GinputMask( (int) ( i / longsize ) ] &
“( 0x1 << i );
}
GlobalMarkingV.update = 0;
}
else
{
for ( i = 0; i < GLOBAL_PLACES; i++ )
GlobalMarkingV.marking{ i ] = buffer{ i + MASK_BUFSIZE ];
for ( 1 = 0; i < (inc) GLOBAL_PLACES / longsize + 1; i++ )
GlobalMarkingV.GinputMask{ i ] = bugfer{ i 1:
}

}

/=

L 1)

- Telease_gav()

E L]

e After the token player is done with the global marxing vector,
- this is released to the next host.

=/

void release_gmv()

long buffer{ GMV_BUFSIZE ];
me 1

#if ¥O_HOSTS > 1
iz ( GlobalMarxingV.GM_av )

{
buffex{ 0 ] = 0O:
GlobalMarkingV.GM_av = 0;
GlobalMarkingV.update = O;
/* == Copy mask to buffer =/
mrt (1 =0; i < (int) GLOBAL_PLACES / longsize + 1; i++ )

/% — Only send gmv vhen it is at this
player =/

butfer{ i ] = GlobalMarkingV.GinputMask({ i 1;
GlobalMarxingV.GinputMask{ 1 ] = 0;

/= == Copy global marking veczor =/
tor ( i = 0; i < GLOBAL_PLACES; i++ )
{



buffer{ MASK_BUFSIZE + i ] = GlobalMarkingV.markingl i ];
GlobalMarkingV.0ld{ i ] = GlobalMarkingV.markingl i 1;
3 GlobalMarkingV.markingl i ] = 0;

/* —— Send global marking vector to zext tokem player =/
iz ( write ( token_out, buffer, sizeof( buffer ) ) == -1 )

sysexrr( "“write tokem_ocut® );
update_lwindow( 0, 2 ); /* == Flush firing sequence and marking
vectors to the IDisplay =/

}
#endif
}
/=
L2
e get_event()
L L g
s Reads all the input sockets and pipes. If there is any info,
e decodes this.
E 2
o Reads:
= - command_in socket from XCommand window
.. - token_in socket from the previcus token player
- - io_socket socket from device driver program.
=/

void get_sevent()

{ .
long token_buffer( GNV_BUFSIZE ];/* — Buffer for received marking vector »/
long command_buffer{ 2 ];
int aread, i;

#itf BOSTHQ == 0
#ifdef EXTERNAL_IOD
/% -~ Check if there is anything from the device driver program to read =/

it ( nread = read( io_socket, io_buffer, sizeo?f( io_buffer ) )
>0 )

decode_i0();
Sendif
#endif

#it HOSTEO ==
#ifdef EITERNAL IO

/= == Check if thers is anything Zrom the device driver program to read =/
if ( nread = read( io_socket, io_buffer, sizeof{ ic_buffer ) )
>0)
decode_io();
#endif
#endizf

#if HOSTNQ == 2
#ifdet EXTERNAL_IC
/* -—— Check if there is anything from the device driver program to read =/

iz ( nread = read( io_socket, io_bufler, sizeof( io_buffer ) )
>0 )

decode_io();
#endiz
#endif

/* — Check if thers is a command available %o read «/
iz ( nread = read( command_in, command_buffer, sizeof( command_buffer ) )
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>0)
decode_comd( command_buffer{ 0 ] ):

#if YQ_HOSTS > 1

/% — Check if it is the global marking vector that is available =/
i2 ( aread = read( token_in, tokem_buffer, sizeoz( token_buffer ) ) > 0 )
{

get_gmv( token_buffer ); /* — gav available */
#ifdef DEBUG
printZ("gmv read %d bytes : ",nread);
tor (i = 0; i < sizeo?(token_buffer)/4; i++)
print2(” %d",token_buffer(i]);
princt(*\n");

A.4.8 init_net.c — Intitalizes Data Structures

#include “player.h”

#include <stdio.b>

#include <errno.h>

#include “defs.h"

#include <string.h>

extern struct trans Transition([NO_TRANSITIONS]; /+* —— Transitions =/
extern 3struct LocalMV LocalMarkingV; /# —— The local marking v. =/
extarn struct GlobalMV GlobalMarkingV; /* — The global m.v. =/
/-

-

.- init_links()

=8

L 1

Initializes the links to transition preconditions and postprocessing
= routines.

./

#include DRIVERFILE

/=

_n

- init_aet()

E 1]

== init initializes the datastructures that contain the net definition
«/

void init_net()

int i, 3: /* =- Loop counter s/
printz(”init called\n");

/= — Use host number to specify a seed betueen 0 and 31 =/

init_elapsed_time();

usleep(1000);

rad_init( elapsed_time() % 31 );
init_elapsed_time();

!oz (1 = 0; 1 < NO_TRANSITIONS; i++)

Transition{i].2iring = 0;



Transition(i].glob_in = 0;
Transition(i].glob_out = O;
Transition(i].LInhirc = O;
Transition[i].GIabArc = O;
Transition(i].immediate = 0;
Transition(i].timed = O;
Transition(i].preconditions = 0;
Transition(i].postprocsssing = 0;
Transition(i].firing_rate = 1.0
Transition(i].preprocess = FULL
Transition([i].postprocess = NULL;
strepy( Transition(il.tag, "" );
tof:' ( j =0; j < LOCAL_PLACES; j++ )

Transition(i].LInputVector{j] = 0;
Transition[i].LOutputVector{j]l = 0;
Transition{i].LInhibitVeczor{jl = 0;
}
for ( j = 0; j < LOCAL_MASK_SIZE; j++ )
Transition[i] .LInputMask{j] = 0;
for ( j = 0; j < GLOBAL_PLACES; j++ )
{
Transition(i] .GInputVector(j] = 0;
Transition(i].GOutputVector(j]l = 0;
Transition(i].GInhibitVector(j]l = 0;
}

for ( j = 0; j < GLOBAL_MASK_SIZE; j++ )
Transition(i].GInputMasx[j] = 0; -

for ( i = 0; i < LOCAL_PLACES; i++ )

LocalMarkingV. marxing{i] = 0;
strepy( LocalMarkingV.taglil, *» );
}
for ( i = 0; i < GLOBAL_PLACES; i++ )
GlobalMarkingV.update = O;
GlobalMarkingV.GM_av = O;

GlobalMarxingV.zarking{i] = 0;
strepy( GlobalMarkingV.cagl(il, "* );

#include NEIFILZ

#include LINKFILZ
b

A.4.9 intr_timer.c — Sets up the Interrupt Timer

#include <sys/<ime.h>
#include <stdio.h>
#include <signal.h>

/s

-8

- set_inetr( sec, usec )

L 2 ]

s Sets the interval for the timer to go off in sec.usec
an

s/
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void set_intr( sec, usec )
long sec, usec;

stTuct

iz ((
{

itimerval ti;

10000 + usec ) >= 1000000 )

ti.it_valne.tv_sec = 1 + sec;
ti.it_valune.tv_usec = 10000 + usec ~ 1000000;

else

{
ti

.dit_value.tv_sec = sec;

ti.it_valune.tv_usec = 10000 + usec;

ti.it_
ti.ic

interval.tv_sec = sec;
interval.tv_usec = usec;

i? ( setitimer(ITIMER_REAL, &Xti, (struct timevals)0 ) )
syserr(“setitimer”);

A.4.10 timed.trans_handler.c — Checks Timer for Transitions

#include
#include
#include

#include
#include
#include
#include
#include

static double TICKS
static double SCALE

<sys/time.h>
<sys/types.h>
<sys/times.h>

<stdio.h>
<arrao.h>
“player.h”
“defs.h*
<math.h>

1/10 seconds : SCALE

seconds
minutes
hours
days

-/

extern struct trans Transition(];

extsrn unsigned long elapsed_time():

double L
BOOLEAN
/=

og(), m™md_01d();

timer _ruaning = FALSE;

: SCALE
: SCALE
: SCALE
: SCALE

1000.0; /= -— Number of ticks pexr sec.
1.0; /% -- Time scale for simulator:

= .1

e
.
o

3600.0
86400.0

nononou
QR e o
[}
(o]

system clock =/

=/

timer_end()

Checks all firing transitions (timed or exponential) to see if the
end_time .3 less than the actual time.

¢ 2
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int
zilc_cnd()

int i;
timer_running = FALSE;
for ( i = 0; i < NO_TRANSITIONS; i+ )
{ it ( Transition{ i ].firing )
{ timer_running = TRUE;
ii{( elapsed_time() >s Transition{ i ].end_time )

Transition[ i ].end_time = 0;
retura( i );

}
}
return ( -1 );
}
/=
=
- start_timer( tr_no )
L 2
b Starts the timer for a timed transition. The time is fixed
b and is the inverse of the firing rate if the transition has
b deterministic firing time.
= For exponential transitions, the firing time is based on computing
. the inverse of the cumulative distribution function given a random

value between [0, 1] and scaling this using the firing rate of the
- transition.
.

-/

void
start_timer{ tr_no )
int tr_no;

{

unsigned long tstart;
double rnd:
double time, rats;

rate = (double) Transition( tr_no ].fir:ng rate;
switch ( Transition( tr_no ].timed )

case 0 : /= -- Exponential =/

tstart = elapsed_time();

rad = rad_01d();

time = SCALZ » (-1) = log( rad ) » TICKS / racs;

Transition{ tr_no ].end_time = tstart + (unsigned long) time;
#ifdet DEBUG2

printZ("\n¥%s -— R#: i -> Exp %2 ms\n", Tramsition(tr_nol.tag, rnd, time);
#endif
break;
case 1 : /= == Timed =/

tstart = elapsed_time();



time = (SCALE » TICXS) / rats;
#ifdet DEBUG2

print2(*\n%s — Det %2 ms\n”, Transition(tzr_nol.tag, time);

#endizt
Transition( tr_no ].end_time = tatart + (unsigned long) time;
break;

default : ;

}
N timer_running = TRUE;
A.4.11 timer.c — Timer Routines
#include <sys/time.h>
#include <sys/types.h>
#include <sys/times.h>
#include <stdio.h>
#include <errno.h>
#include “player.h"
#include “defs.h”
/»
-
- init_elapsed_time()
-8
- Resets the timer.
-8
-/

static struct timeval time_0;

void init_elapsed_time()
{

gettimeofday(&time_0, (struct timezone+)q);

/=

-
L 1]
==
L 2]
L b J

«/

elapsed_time()

Returms the time of the internmal clock in 1/1000th of seconds.

unsigned leng
elapsed_time()

struct timevali tp;
unsigned long i:
gettimeofday(Xtp, (struct timezone=)0);

i = (tp.tv_sec-time_0.:v_sec)*1000 + (tp.tv_usec-time_0.tv_usec)/1000;
return 1i;

elapsed_time_sec()
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-
L L]

s/

Returns the time of the internal clock in seconds.

unsigned long
zlapcod_eino_soc()

struct timeval tp;

unsigned long i;
gettimecfday(&tp, (struct timezone=)0);

i s (tp.tv_sec-time_0.tv_sec);

return i;

A.4.12 rrand.c — Random Number Generator for Simulation
#include <math.h>

/®

"R 2K 3K BN BN

-
-
-
-
-
.
-
-
-
-
-
-
b
-
-
-
-
-
-
-
=
-
-
=
-
-
-
-
-
-

=/

Random number generators:

rad_init (unsigned seed)
: initializes the generator
rad_01d () : returns doubles f0.0,1.0)
Notae: ")" is no typo - rnd_0ld will not returm a 1.
but can return the next smaller FP number.

o

Algorithm M as describes in Xauth’s “Art of Computer Programming*,
Vol 2. 1969

is used with a linear congruential generator (to get a good uniform
distribution) that is permuted with a Fibomacci additive congruential
generator to get good independencs.

Bit, bytse, and word distributions vers extensively tested and pass
Chi-squared test near perfect scores (>7E8 numbers tested, Uniformity
assumption holds with probability > 0.989)

Run-up tests for on TES numbers confirm independenca 7ith
probability > 0.97.

Plotting random points in Id reveals no appareat stIucture.
Autocorrelation on sequences of SE5 numbers (A(i) = SUM X(n)=*X(a-i),

i=1..512)
results in 1o obvious structure (A(i) - comnst).

On a SUN 3/60, rnd_u() takes about 19.4 usec per call, which is about 44%
slower than Berkeley’s random() (13.5 usec/call).

Except 20r speed and memory requirements, this generator outperzornms
random() for all tests. (random() scored rather low on uniformity tests,
while independencs test differencses dvere less dramatic).

Thanks =o ¥.Mauldin, H.9Walker, J.Saxe and M.Molloy for inspiration & help.
(¢) Copyright 1988 by A. Nowatzyk

-- Routines not used removed from 2ile , 1/29/91 A.B.

/e LC-parameter selection follows recommendatioms in
» "Sandbook of Mathematical Functions“ by Abramowitz & Stegun 10th, edi.



s/
#detine LC_A 66049
#detine LC_C 3907864577

/* = 25172, °3 sqre(2°32) s/
/* zesult of a long trial & error series

#define Xrnd(x) (x » LC_A + LC_C) /+ the LC polynomial

static unsigned long Fib[55]; /» will use X(a) = X(n-85) - I(n~24)
/% current index im circular buffer

static int Fidb_ind;

-/

static unsigned long Ixrnd_var; /# LCA - recurrence variable
static unsigned long auxtab(256]; /* temporal permutation table
static unsigned long prmtab(64] = { /= spatial permutation table

Oxreer2fLL, 0x00000000, 0x00000000, 0x00000000, /% 3210 =/
0x0000122L, 0x00££0000, 0x00000000, 0xfI000000, /= 2310 =/
0x£20000£%, 0x0000£2£00, O0x00000000, 0x00LLCO00, /® 3120 s/
0x0012001f, 0x00000000, 0x2L00£200, 0x00000000, /= 1230 =/
0x1£2£0000, 0x000000Tf, 0x0000000Q, 0x00002£00, /= 3201 =/
0x00000000, 0x007200ff, 0x00000000, 0xI200LL00, /= 2301 »/
0x1£000000, 0x00000000, 0x000000fZ, O0x00f2££00, /= 3102 =/
0x00000000, 0x00000000, Ox00000000, Oxtfrfeffsf, /e 2103 =/
0x2200££00, 0x00000000, 0x00££00fZ, 0x00000000, /* 3012 »/
0x0000££00, 0x00000000, 0x00L20000, O0xf£0000fL, /= 2013 =/
0x00000000, 0x00000000, Oxr2fferf, 0x00000000, /* 1032 »/
0x00000000, 0x0000£200, 0x2f££0000, 0x000000ff, /* 1023 »/
0x00000000, Oxfrffff2f, 0x00000000, 0300000000, /* 0321 =/
0x001£2£200, 0x£2000000, 0x00000000, 0x00000022, /= 0213 =/
0x00000000, 0x22000000, 0x0000ffff, 0x00££0000, /* Q132 »/
0x00000000, Oxf200£200, 0x00000000, 0x00L200tL /= 0123 =/

};

union hackx { /% used to access doubles as unsigneds

double d;

unsigned lomg uf2];
séatic union hack man;
rad_init (seed)

unsigned seed;

register unsigned long u;
Tegister int 1i;

double x, 7y;

union hack %;

static unsigned seed_tab{32] = {
Oxbdcc47eb5, O0xS54aeadbd,
Oxc8ctcb4t, 0x35574bO1,
Ox9faaeeb0, 0x613dd168,
O0xab2469db, 0xdadlblde,
0x7224fea3, 0xr96841c9,
0x366d13b6, 0x17aaa731,
Oxd4ec7¢92d, 0x7£18752:,
Oxb89ct22b, 0xi2164del,

i? (seed < 32)

1 = seed_tab{seed];
alse

4 = seed “~ seed_tab(seed & 31]:
for (i = 58; i==;)

Fib{i] = u = Xrad(u):

/® mantissa bit vector =/
/% modified: seed 0-31 use pracomputed stuf? =/

OxecQdL8589,
0x28260b7d,
0x5¢e2d818,
0x45¢80d6e,
0x2c70e074,
Oxeb83a878,
0x2c2348b4,
Oxa865168d,

0xdas84637y,
0x0d072dbt,
0x8509e708,
0x27e49d10,
0x326cab2a,
0x7781¢b3a2,
Oxadi133107,
0x32b56cdt  };

»/

/* set up Fibonacci additive congruential

»/
«/

./

=/

=/

s/

=/



}
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for (i = 266; i—;)
auxtab{i]l = u = XIrnd(u);
Fib_ind = u % 65; /® select a starting point 74
Irnd_var = u; -
i? (sizeof(x) != 2 » sizeof(unsigned long)) {
z = 0.0;
y = 1.0;
y /= x; /ens intentional divide by 0: znd_01d will
not wvork because a double doesn’t fit
in 2 unsigned longs on your machine! s=s/

};

x = 1.0;

y = 0.5;

do { /* find largest fp~aumber < 2.0 =/
t.d = x; l
X += ¥
y »= 0.5;

} while (x !'= t.d &8 x < 2.0);

man.d = 1.0;

man.u{0] “= ¢.ul0];

man.u{1] = t.ul1]; /* man is now 1 for each mantissa bit u/

unsigned long rad_u ()

/®

s same as rnd_i, but gives full 32 bit range

./

{

}

register unsigned long i, j, »t a Fib;

i = Fib_ind;

j = elil; /¢ = X(a-6B) =/

j -= (i >=24) ? s[i - 24] : e(i + 21]; /* = X(n-24) »/

s(i] = j;

it (++i >= 58) i = 0; ]
Fib_ind = i;

t = kauxtab((j >> 24) & 0x22];
i =t ;

Irnd_var = =t = XIrnd(Xrnd_var);
t = xprmzab(j & 0x3cl;

j = ®t++ 2 i

j I= st & ((i << 24) | ((i>> 8) & 0x00222222));

j I= see+ & ((1 << 16) | ((i >> 16) & 0x00007222));

jl=et & ((4 << 8) | ((1 >> 24) & 0x00000012)); -
Tetuxrn Jj;

long rad_ri (rag)

/=
» randint: Return a random integer in a given Range [0..rmg-1]

{

long rng;
Yote: O < rng
register unsigned long =z, a;

do {
T = rad_i();



a=(x/ g +1;
a *= rag;
} while (a >= Ox7fre1eee);

a——;

Teturn a - T;
b
double rnd_01d ()
Vi

= returns a uniformly distridbuted double in the range of [0..1)

= or 0.0 <= rnd_01d() < 1.0 to be precise
* Jote: this code assumes that 2 ’'unsigned long’s can hold a 'double’
- (vorks on SUN-3's, SUN-4’s, MIPS, Vilen, IBM RT'’s)
=/
{
union hack t;
t.d = 1.0;
t.a{0] |= rad_u() & man.a{0]; /* munch in 1st part =/
t.al1] |= rad_u() & man.u(1]; /+ munch in 2nd part »/
return t.d - 1.0;
}

A.4.13 syserr.c and setblock.c — System Error and IO Blocking
#include <stdio.h>

void syserr( mag ) /* print system call error mesaage and terminats s/
char *msg:

{
extarn int errmno, sys_nerr;
extern char =sys_errlist(];

fprintz( stdexrr, "ERROR: %s (%d", msg, erxmo );
iz ( exrTmo > 0 %% errmo < sys_nerr )
fprint2( stderxr, ": %s)\n*, sys_erclist{ errmo ] );

else
fprint?( stderr, ")\n" );

exit{ 1 );
}
#include <stdio.h>
#include <errmno.h>
#include <fecatl.h>
#include “defs.h"
/=
am setblock()
-l
== setblock() turns blocking om or otf for a given #d.
R 2 ]
-/

void setblock( #*d, on )
int fd;
BOOLEAR on;
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static int block?f, nonblock?;
static BOOLEAN first = TRUE;
int flags;

i2( first )
{

first = FALSE;

i2( ( flags = fcacl( 2d, F_GETFL, 0 ) ) == -1 )
sysexrr( "“fcatl™ );

blockt = flags & ~O_EDELAY;
nonblock? = flags | O_NDELAY;

/® =— Q_NDELAY is off =/
/® == Q_EDELAY is on =/

¥
i2( fcatl( 2d, F_SEIFL, on ? block? : nomblock? ) == -1 )

syserr( "tcatl2® );

/® == setblock() =/

A.4.14 dump.c — Prints the Current Net Data on the Terminal

#include “playex.h"
#include <stdio.h>
#include <azrTnOo.h>
#include “dets.h”
#include <string.h>

extern struct trans Transition(NWO_TRANSITIONS];
extarn stxuct LocalMV LocalNarkingV;

/* — Transitions e/
/® == The local marking v. =*/

extern struct GlobalMV GlobalMarkingV; /% -—— The global =.v. »/
/s
-
= dump.c
-e
- Dumps all data to the scTeen.
./
void dump()
{
int i, j:

tor (i = 0; i < NO_TRANSITICNS; i++)
{

print? ("T(%d]
print (T (Ld]
princz ("T(/d]
printz (T {/d]
printz (*T(%d]
prianc (T (%d]
print2 (T {%d]
princz("T%d]
print (" T(ld]
printz (T (%d]
prinez (T{%d]
print (*T(/d]

.2iring = %d\n",i,Transition(i].firing);

.glob_in = %d\n",i,Transition(i].glob_in);

.glob_out = %d\n",i,Transitien(il].glob_out);

.LIabnarc = Yd\n",i,Transition(i].LInhdrc);

.GInhdrc = %d\n",i,Transition(i].GInhirc);

.immediate = %d\n",i,Transition(i].immediate);

.timed = %d\n”,i,Transition(i].timed);

.preconditions = %d\n",i,Transition(i].preconditiomns);
.postprocessing = %d\n",i,Transition[i].postprocessing);

.end_time = %d\n",i,Transition(i].end_time):
.2iring_rate = %f\a",i,Transition(i].firing rate):
.tag = %s\n",i, Transition[i].tag):

printz (*T(%d].

tVector = ",i);

tor ( j = 0; j < LOCAL_PLACES; j++ )
print2("%d *, Transition(i].LInputVector{jl);

printz("\n“);
printz("T(Yd]

.LOutputVector = ",i);

for ( j = 0; j < LOGAL_PLACES; j++ )
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print2(™%d *, Transition(i].lOutputVector{jl);

printz("\n“);
princ? (*T(%d] .LInhibitVector = *,i);
for ( j = 0; j < LOCAL_PLACES; j++ )

print?("%d ", Transition(i].LInhibitVector({jl);

print2{("\n");
print2("T(%d].GInhibitVector = *,i);
tor ( j = 0; j < LOCAL_PLACES; j++ )

print2("%d ", Transition(i].GInhibitVector{jl);

printz("\n");
printz (*T(%d] .LInputMask = *,i);
tor ( j = 0; j < LOCAL_MASK_SIZE; j++ )

print2(*%x *,Transition(i].LInputMask{jl);

print(*\a");
printz ("T(/d] .GInputVector = ",i);
for ( j = 0; j < GLOBAL_PLACES; j++ )

print2(*%d *, Transition[i].GInputVector(jl);

print2("\n");
print2 ("T(id] .GOutputVector = ",i);
for ( j = 0; j < GLOBAL_PLACES; j++ )

printz(“%d ", Transition(i].GOutputVector{jl);

printz("\n");

print2("T(/d].GInputMask = ",i);
for ( j = 0; j < GLOBAL_MASK_SIZE; j++ )

printz("“%x " ,Transition[i].GInputMask(j]);

printf("\a");

printz("Local Marking = ");

for ( i = 0; i < LOCAL_PLACES; i++ )
printt("%x ", LocalMarkingV.markingli]);

printz(”\a");

printf(“Local Tags = *“};

tor ( i

= 03 i < LOCAL_PLACES; i++ )

printf("%s ", LocalMarkingV.tag[il);
printf("\nGlobal Marking = ");

for ( 1

= 0; i < GLOBAL_PLACES; i++ )

prantz(“%d ", GlobalMarkingV.markxing(il);
printz("“\n");
printz(“Global Tags = “);
for ( 1 = 0; i < GLOBAL_PLACES; i++ )
printz("%s ", GlobalMarkingV.tagiil):
printz("\n");
print? (“GLOBALMARKINGV.update = %d\n”, GlobalMarkingV.updata);

A.4.15

#include
#include
#include
#include
#include
#include
#include

printi (“GLOBALMARKINGV.GM av = Ad\n”, GlobalMarkingV.GM_av);

server_intr.c — Sets up Server Socket

<sys/types.h>
<sys/socket.h>
<netinet/in.h>
<netdd.h>
<fcatl.k>
<ar=no.h>

<signal.>x>

serv_setup_intr(ayname, port_aum, Ressage)
char *myname;

u_short por<_aum;

char *message;
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struct sockaddr_in self, from;
int s, fromlen, ns;

print?("Using port num %d\n", port_num);
bzezo((char =)&self, sizeoz(sell));
self.sin_family = AF_INET;
self.sin_addr.s_addr = INADDR_ANY;
self.sin_port = htons((u_short)port_num);
/* if ((sel?.sin_addr.s_addr = rhost(imyname)) < 0) {
£print2("Can not determine address of sexver\n”);
} exit(~-1);
=

if ((s = socket(AF_IWET, SOCX_STREANM, 0)) < Q) {
perTor(”Could not obtain socket”);
exit(-2);

}

iz (fcael(s,F_SETFL, FEBIO)<0){
perror(“fcatl F_SEIFL, FEBIQ“);
exit(1);

}

if (setsockopt(s, SOL_SOCXET, SO_REUSEADDR, (char #)0, 0) == -1) {
pexTor("setsockopt: SC_REUSEADDR™);
close(s);

y exit(~4);

if (setsockopt(s, SOL_SOCXET, SO_DONTLINGER, (char =)0, 0) == -1) {
perror("“setsockopt: SO_REUSEADDA");
close(s);

y exit(-4);

if(bind(s, (struct sockaddr *)&self, sizeof(selif))) {
perror("Bind failure”);
close(s);
exit(-3);

}

i2 (listen(s, 5)) {
perror(“Error in listen”);
' exit(~-1);

bzerc((char =)&from, sizeof(Zrom));

from.sin_Zamily = AF_INET;

{rom.sin_addr.s_addr = INADDR_ANY;

fromlen = sizeof(from):

printf( "%s\a", message ):

iz ((as = accept(s, (struct sockaddr s)&from, &froamlen)) < 0) {
perror("“Accspt failed");

) ex2t(=3);

iz (fentl(ns,F_SETOWN, getpid())<0){
perTor("fcatl F_SETOWN, :");
exit(1);

}.
iz (fcatl(as,F_SETFL, FASYEC!FNBIO)<0){



A.4.16

#include
#include
#include

#inclnde
#include

#include
client_s

char sho
int porst
{

bzero((char *)&to, sizeof(struct sockaddr_in));

pexror(“tcntl F_SEIFL, FASYNC");
exit(1);
>

printf(“Connection has been established\n");
shutdown(s,2);

close(s);

return(ns);

client.c — Sets up Client Socket

<stdio.h>
<erTNnO.h>
<netdb.h>

<sys/types.h>
<sys/socket.h>

<netinet/in.h>

etup(host,port_num)
8T;
~bum;

struct hostent *hp;

struct sockaddr_in to;

int s;

int lpoxrt = IPPORT_RESERVED;

i2 ((s = socket(AF_INET, SOCX_STREAN, 0))< 0) {

perTor(“Can not obtain socket™);
exit(1);
}

printz(“Client Sockxet is %d\n", s);

iz ((hp = gethostbyname(host)) == ¥ULL) {

fprint? (stderr, "Can not determine server host’s address\n");

close(s);
exit(1);

),

to.sin_port = htons((u_short)port_num);
%0.3in_Zfamily = hp->h_addrtype;

becopy(hp->h_addr, (char *)&To.sin_addr, sizeof(to.sin_addrx));

i2 (connect(s, (struct sockaddr =*)&to, sizeof(to)) < Q) {

perzor(“Connection failed");

close(s);
exit(1);
¥
return(s);
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A.3 XCommand — Command Menu Program

A.5.1 mXc — Make File for XCommand

b - J

- 3

=

EXEC= XCommand

*8

= -g = Debugging info

= -3 = Qptimize

CFLAGS= -g

»

= Libraries

2 I11 111 graphics library

E - g

LIBSa -1Xaw -1Xmu -1Xt -1X11

2

]

OBJECTS= XCommand.c \
setblock.c \
client.c \
Syserr.c

8

= Compile & link

 _

$(EXEC): $(0OBJECTS)
cc $(CFLAGS) -o $(EXEC) $(OBJECTS) $(LIBS)

=

 _

t 2 End of sake file

=

A.5.2 XCommand.c — main() for Program XCommand

#include "size_limits.h"
#include "portaums.h"

#include <stdio.h>

#include <X11i/Intrinsic.h>
#include <X11/StringDefs.h>
#include <Xiil/Xaw/List.h>
%include <X11/Iaw/Command.h>
#inclunde <X1i/Xaw/Cardinals.h>
#include <Ii1i/Xaw/Paned.h>
#include <IX11/Xaw/AsciiText.h>

static void Run(), Halt(), Comt(), Reset(}, Quit(), SingleStep(), Fire(),

Redraw(), StatsRates(), StatsTimes(), ResetStats(), Dump();
int command_socket;
char BOSTNAMES{ MAXHOST ] [ MAXLEX ]1;
int ¥0_HOSTS;
int out_command( MAXEQST J;

main()
{ -.
int arge:
char esargv:
int i;
char but{ 100 ];
FILE =in_f, =fopen();
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Vidget toplevel, run, halt, cont, reset, gquit, singlestep, fire, redraw,
paned, statsrates, statstimes, resetstats, dump;

ItippContext app_con;

Arg axgs(1];

iz ( ( in.f = fopen("XCommand.i”, "z* ) ) =a -1 )
syserz( “open XCommand.i" );

/* =— read # of hosts =/
fgets( buf, sizeof( buf ), in_f );
sscanf( buf, "Yd", =EQ_EOSTS );

/¢ — Read each host name =/
for ( i = 0; 1 < NO_BOSTS + 1; i++ )
{
fgeta( buf, sizeof( buf ), in_2 );
sscanf( buf, "%s*, BOSTEAMES{ i ] ):

close ( in_2? );

/% -— Connect to token players =/
tor ( 1 = Q; 1 < NO_BOSTS; i++ )
out_command( i ] = client_setup( HOSTNAMES{ i ], COMMANDPORT );

/* -—— Connect to Display window =/
out_command [XO_HOSTS] = client_setup( HOSTNAMES[ NO_BO0STS ], DISPLAYPORT);

toplevel = XtApplaitialize(Zapp_comn, "Xlist®, NULL, ZERQ,
(Cardinal =) &arge, argv, WOLL, NULL, ZERQ);
paned = ItCreateManagedWidget(“”paned”, panedWidgetClass, toplevel,
NULL, ZERQ);

run = ItCreateManagediWidget(”start”, commandWidgetClass, paned,

NULL, ZERO);
halt = XtCreateManagedWidget{"halt"”, commandWidgetClass, paned,
NULL, ZERD);
cont = XtCreateManagedWidget(“continue", commandWidgetClass, paned,
NULL, ZERQ);
reset = XltCreateManagedWidget(“reset”, commandWidgetClass, paned,
JULL, ZERO);
quit = ItCreataManagedWidget(“quit*, commandWidgetClass, paned,
NULL, ZERQ);
singlestep = ItCreateManagedWidget("single stap”, commandWidgetClass, paned,
NULL, ZERQ);
2ire = XtCrsateManagedWidget("fire", commandWidgetClass, paned,
NULL, ZERO);
redraw = XtCreateManagedWidget("redraw”, commandWidgetClass, paned,
NULL, ZERQ);
statsrates = XtCreateManagedWidget(" display stats ", commandWidgetClass,

paned, NULL, ZERQ);
statstimes = XtCreateManagedWidget("Tates / times fired", commandWidgetClass,
paned, YULL, ZERQ);
Tesetstats = ItCreateManagedWidget("Teset stats”, commandWidgetClass, paned,

NULL, ZERQ);
dump = ItCreateManagedWidget("Yet Listing”, commandWidgetClass, paned,
YULL, ZERO):

XtAddCallback(zan, Xt¥callback, Run. (XtPointer)NULL):
ItiddCallbacx(hals. Xt¥callback, Faliz, (XtPointer)NULL):
ItiddCallback(cont, XtNcallback, Cont, (XtPointer)NULL):
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ItiddCallback(reset, ItNcallback, Reset, (XtPointer)NULL);
ItiddCallback(quit, Xt¥callback, Quit, (XtPointer)NULL):
ItiddCallback(singlestep, ItScallback, SingleStep, (XtPointer)NULL);
ItiddCallback(fire, ItEcallback, Fire, (XtPointex)NULL);
ItiddCallback(redraw, XtEcallback, Redraw, (XtPointer)NULL);
ItiddCallback(statsrates, ItNcallback, StatsRates, (ItPointer)NULL);
ItiddCallback(statstimes, ItNcallback, StatsTimes, (ItPointer)NULL);
ItiddCallback(resetstats, Itlicallback, ResetStats, (ItPointexr)NULL);
ItiddCallback(dump, ItNEcallback, Dump, {ItPointer)NULL);
ItRealizeWidget(toplevel);

ItdppMainloop(app_con);
>
/»
- srite_com( command )
8
- Writes the command to all the sockets
=/

void write_com( command )
long command;

{
long buffer{ 2 J;
int i;
/* -~ writs to the token players ®*/

butfer{ 0 ] = command;
for ( i = 0; i < NO_HOSTS ; i++ )
if ( write (out_command( i ], buffer, sizecf(buffer) ) == -1 )
syserr( "write out_command(]* );

/* — Writa to the XDisplay sexrver =/

buffer{ 1 ] = command;

burfexr( O ] = NO_HOSTS;

iz ( write (out_command[ i ], buffer, sizeof(buffer) ) == -1 )
syserr( “write out_command(J" );

}
/= Fanction ¥ame: Run
. Description: Issues RUN command
s/
static void Run(widget, client_data, call_data)
Vidget vidget;
ItPointer client_data, call_daca;
{
write_com( ! ):
}
/™ Funcztion Yame: Halt
. Description: Issues Halt command
s/
static void Halt(widget, client_data, call_data)
Vidget vidget;
ItPointar client _data, call_data;
{
write_com( 2 ):
}

/= Funczion Name: Cont
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. Description: Issues Continue command
./
static void Cont(widget, client_data, call_data)
Vidget gidget;
ItPointer client_data, call_data;
{
write_com( 21 );
/» Function Yame: Reset
= Description: Issues Reset command
=/
static void Reset(widget, client_data, call_data)
Widget vidget;
XtPointer cliemt_data, call_daca;
{
vrite_com( 3 );
}
/= Function Yame: Quit
- Description: exits the application.
s/
static void Quit(widget, client_data, call_data)
Widget vidget;
ItPointer client_data, call_data;
{
int i;

writa_com( 4 );
for ( i = 0; i < NQ_HOSTS + 1; i++ )
close( out_commandl i ] ):

XtDestroydpplicationContext(XtWidgetTodpplicationContext(widget));
exit(0);

}

/= Function N¥ame: SingleStep

- Description: Issues SingleStep command

=/

static void SingleStep(widget, client_data, call_data)
Widget sidget;

ItPointer cl.ent_data, call_daca;

write_com( 5 ):

}
/= Function NYame: Fire
. Description: Issues Firs command
=/
static void Fire(widget, client_data, call_data)
Vidget Yidget;
XtPointer cliemt_data, call_data;
{

srita_com( 8 ):

/= Function Jame: Redraw
. Descziption: Issues Redraw command
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s/

static void Redraw(widget, client_data, call_data)
Vidget widget;

ItPointer client_data, call_data;

{

write_com( 7 };

/* Function Name: Redraw

. Description: Redraw the net.
»/

static void StatsRates(w, text_ptr, call_data)
Widget w;
XtPointer text_ptr, call_data;

{
}

write_com( 8 );

/» Function Bame: StatsTimes

- Description: This function toggles betswen rataes and times fired.
=/

static void StatsTimes(w, text_ptr, call_data)
Vidget w;

ItPointer text_ptr, call_data;

{

}

write_com( 9 );

/™ Fanction Name: ResetStats

= Description: Reset firing counter and timer.
./

static void ResetStats(w, text_ptr, call_data)
Widget w;
ItPointer text_ptr, call_data;

{
¥

write_com( 10 );

/= Function Name: Dump

. Description: This causes a dump of the data of aet
s/

static void Dump(w, text_ptr, call_data)

Vidget w;

ItPointer text_ptr, call_data;

grite_com( 11 );

A.6 XDisplay — Displaying the Petri Net Under Execution

A.8.1 mXd — Make File for XDisplay
L2



E

*8

EXEC= XCommand

=

= -g = Debugging info

t -0 = Qptimize

CFLAGS= -g

*»

= Libraries

= X111 I11 graphics library

*%

LIBS= -1Xaw -1Xmu -1Xt -1X1i

3

E ]

OBJECTS= ICommand.c \
setblock.c \
client.c \
syserr.c

t - ]

E = Compile & link

-3

$(EXEC): $(0BJECTS)
cc $(CFLAGS) -o $(EXEC) $(OBJECTS) $(LIBS)

E

=

= End of make file

=

A.8.2 Xdraw.h — Data Structure Definitions

%define IX¥ 0O
#define QUT 1
¥define INH 2

/* — These define arc types s/

/s#define DEBUG1 1
/»#define DEBUG2 2
/*#define DEBUG3 3

-— Print input from token players =/
-- Print firing sequencs & marking */
— Enable testing function =*/

3define IMIX O /% == These four parameters define X window =/
#define XMAX SBO /= size. =/
%define YMIX O

2define YMAX 7S50

3define 0fiSize 1

#define UnitSize 18

3define GridSize UnitSize=3

#define Grid02e 100

#detine Dia UnitSize

#detine Dial 13

2define ARROWL 10

#include “size_limits.h"

/..
* mag(z, of2) Converts the Grid Coordinatss to the real coordinates

* on the screen. x is the grid number, off is the offset on that
s grid.

-/
#define mag(x, or2) ((z = GridSize + off s QffSize + Grid0zz))
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stzuct PL {
char *name;
float z_pos, Y_pos;
float xt_pos, Yt_pos;
int tokens; };

struct TR {
char *name;
1loat x_pos, y_pos;
float xt_pos, Yyt _pos;
1loat xxr_pos, Yyr_pos;
long times_fiTed;
long old_times_fired;
float rats;
int highligthed;
int type;
int rot; };

struct obj {
char ename;
int host_no; };

struct hosts {

char BOSTNAME( MAXLEN ];
int LOCAL_PLACES;

int NO_

TRANSITIONS;

int socket;

strucet

PL P{ MAITRANS

1:
stzuct TR T{ MAXTRANS ];

b H

struct gmv {

char *name;
int tokens;
float x_pos, Yy_pos;

}l

float xt_pos, Yt_pos;

/® -— Host info

/.
/=

/»

/=
/=
/=

/.

74
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This structure is used to store info */
Te. places at each host ¢/

Info abt. transitions for each host =*/

Counter for # of times trans. fired =/
Counter for # of times trans. fired =/
Xeeps last writtenm avg. firing rate =/ l

name and host assignment of all placess/

/® — Info abt. global marking vector =*/

A.8.3 XDisplay.c — main() and Routines for Reading Net Structure

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

“size_limits.h”
“porsaums.h”
<stdio.h>
"defs.h"
<string.h>
<sys/types.i>
<sys/socket.h>
<netinet/in.h>
<netdb.h>
<fcntl.h>
<erzno.h>
<signal.k>
<math.h>
<X11/X1ib.h>
“Xdzraw.h"

extern Display =theDisplay;
extern IEvent theEvent;

Vindow theWindow, openWindow();
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GC theGC;

stTuct obj PLACES[ NAXTRANS ]; /* — name and host assignment of all placess/

struct obj TRANS{ MAXTRANS ]; /* — name & host of all trans. =/

strect hosts E( MAXHOST J: /* —— A1l net infor stored here =/

struct gmv GM[ MAXTRANS ]; /% — Info abt. global marking vector +/

int GLOBAL_PLACES;

int ¥O_HOSTS;

int NO_PLACES;

int NO_TRAXNS;

BOOLEAN display_stats = FALSE;

BOGLEANY avg_rate = TRUE;

int layer = Ox7FF; /% —— Stores which layer is to be displayed
0x400 -~ global places only
Ox7FF -~ everything
Ox7FF XOR (host #) - toggle host on/off
=/

BOOLEAN run = FALSE;

BOOLEARN single_step = FALSE;

/®

.

e input_interrupt_handlexr()

s

= Vhen an I/0 interrupt is issued, this routine is called.

. The procsdure sets a flag.

./

void

{in:put_intctrupt_hlndlc()

printz("~"); 22lush( stdout );

void alarm_handler()
{

printz("+"); fflush( stdout );

/= -

L L3

- init_hosts()

Lt

b generated by assign.c
=/

init_hosts()
{
FILE +in_?, wfoven();
char bur(1024];
char tmp(1024];
int i;

Initializes the B[] datastructure by reading the include file

iz ( ( in_? = fopen("XDiaplay.i®, "z ) ) == -1 )

syserr( "open XDisplay.i" ):

/e — Read ¥ of hosts X global places

./



}

/»

106

fgets( buf, sizeof( but ), in_f );

),
sscanf( buf, "%d %d %d %d“, &NO_HOSTS, &GLOBAL_PLACES, &§O0_PLACES,
SBC_TRANS ); :

/® — Read each host name */
toz(i-O;i<lo.308‘rs; i+s )
tgets( buf, sizeof( buf ), in_2 );
sscan?( but, “Y%s %d Yd*, &R i ].BOSTNAME, 2H( i ].LOCAL_PLACES,
3 &E( i ].XO_TRANSITIONS );

/% ~— Read place info =/
to}: (i=0; i < NO_PLACES; i+ )

fgets( duf, sizeof( bduf ), in_t );
sscant( buf, "%s %d", tmp, &PLACES( i ].host_no );
strepy(PLACES( i ].name = (char =) malloc(strlen(tmp) + 1), tmp):

/% - Read transition info =/
toi(ism i < NO_TRANS; i++ )
fgets( buf, sizeof( buf ), imn £ );

sscanf( but, "%s %d”, tmp, &TRANS{ i ].host_no );
stTcpy(TRANSL i ].name = (char s) malloc(strlien(tmp) + 1), tmp);

/* — Read inhibitor arch stuff =/
/* — WEEDS TO BE INPLEMEETED =*/

close ( in_2t )

) gethost(name)
L]

e Searches the PLACES and TRANS arrays to find the host the object is
.n assigned to.
==

=/

int gethost( name )
char *name(J;

{

}

/=

iant i;

for ( i = 0; i < NO_PLACES: i++)
it (!strcap(name, PLACES(i].name))
return(PLACES{i] .host_no);

for ( 1 = 0; i < NO_TRANS; i++)
it (!strcap(name, TRAES(i].name))
return(TRANS (i) .host _no);

return(~1);
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E L]

e getuaun(host, obj_name)

L 2

e Returas the local object number given a host and the object name.
- Searches the PLACES and TRANS arrays.

.8

*/

int getaum(host, name)
int host;
char *name(J;

/»
L L]
am
-

s/

ine i, plno;
plno = 0;
for ( i = 0; i < BO_PLACES; i++)
{
iz (!strcmp(name, PLACES{i].name) 2& PLACES(i].host_no == host)
retura(plno);
i2(PLACES(i] .host_no == host)
plno++;
}
plno = 0;
for ( 1 = 0; i < NO_TRANS; i++)
{
iz (!strcap(name, TRANS{i].name) && TRANS[i] .host_no == host)
retuxa(plne);
i2(TRANS(i] .host_no == host)
plno++;
return(-1);

check _layer( host )

Checks if the given host number is currently enabled for
displaying.

int check_layer( host )
int host;

{

/=

/= — Convert to correct bit placement =/
if ( host == -1 )

host = 0x400;
else

host = (1<<host):

iz ( hest & layer )
return 1;

else
rstuxn 0;

geTt_geo_info()



-
=8
b L]
L L]
s
-
-8

=/

vo

Reads the test.net file - the original GSPY file to get the
geographical info. This procedure is an adaption of “netZm.c”,
written by Andreas Nowatzyk (agnlunh.cs.cmm.edu).

If refresh is true, the markings in H are used, else, the markings in
the .26t file.

id draw_geo_info(refTesh)

int refresh;

FILE +in_Z;

Tegister int i, j;

int n_MK, n_PL, a_RT, n_TR, n_GR;

int tokens, h, obj_no, type, no_dep, rot, mult, from, to, geo, out_dep,
inh_arc;

int gmv_countaex;

float x_pos, y_pos, Xt_pos, yt_pos, Xr_pos, Yr_pos, Xli_pos, yl_pos, rats;

char but (1024], tmp(1024];

for ( i = 0; i < NQ_HOSTS; i++ )
{

sprintf(tmp, “Host %d : %s*, i, H( i ].EOSTEAME );
vrite_tag(cmp, 10, 80 + 20#i );
}

it ( ‘run )
write_tag("HALT"”, 10, 10);
else
vrite_tag("RUN", 10, 10);

iz ( single_stap )
write_tag(“SINGLE_STEP", 10, 30);

iz ( ( in_f = Zopen("test.net", "r* ) ) = -1 )
syserr( "open test.net" );

while (fgets( buf, sizeof( but ), in_f )) /% skip preamble */
if (buz(0] == '|’ 2& burli] == ’\n’) .
break:;

it ('tgets( buf, sizeof( buf ), in_2 ) || 5 != sscanf(bur, "%»sidid%did%d",

am_MK, m_PL, &m_R’T, &m_TR, &m_GR) ||

oMK <0 |} aPL<1 |l aRT<OI|la.TR<11|]| a.GR <0)
syserz("Jogus parameters");

for (i = 0; 1 < n_MK; i++) /* Skip mark-parameters =/
iz (!f2gets( buf, sizeof( buf ), in_f )) syserr("Premature end of file");

gav_counter = Q;
for (i = 07 = <

a_PL; i++) /= read places */
{

iz ('fgets( buf, sizeof( buf ), in_f )) sysexrr("Premature end of file");

it (6 !'= sscan?(buf, "%sid%z¥2%z%z“, tmp, &tokens, &x_pos, ky_pos,
xxT_pos, Xyt_pos))
syserr("®lace def problem*);

h = gethost(tap);
iz (h>= 9 )
{
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obj_no = getaum(h, tmp);

strcpy(E(h] .Plobj_no] .name = (char =) malloc(strlen(tamp) + 1), tmp);
B[] .P{obj_nol.tokens = ( refresh ? E(h].Plobj_nol.tokens : tokens )
E(x].P{obj_no) .x_pos = x_pos;

BE(h] .P{obj_no].y_pos = y_pos;

H(h] .Plobj_no].xt_pos = xt_pos;

H(h] .Plobj_nol.yc_pos = yt_pos;

obj_no = gmv_counter++;

stTepy(GMobj_no] .name = (char =) malloc(strlen(tmp) + 1), tmp);
GM(obj_no] .tokens = ( refresh ? GM(obj_no].tokens : tokens );
GM{obj_no] .x_pos = x_pos;

GM(obj_no].y_pos = y_pos;

GMlobj_nol.xt_pos = zt_pos;

GMLobj_no].yt_pos = yt_pos;

}
i:{( check_layer( h ) )

draw_place(h, obj_ne);
draw_tokens(hk, obj_no, tokens, refresh);
}
}

tor (i = 0; i < n_RT; i++) /* Skip rats-parameters =/
if (1fgets( bur, sizeof( dbuf ), in_f )) syserc(“Premature end of file");

for (i = 0; 1 < n_GR; i++) /* 3xip groups */
iz (!2gets( buf, sizeof( tuf ), in_?f )) syserz("Premature end of file”);

for (i = 0; i < n_TR; i++) /* read transitions =/

iz (!fgets( bu?, sizeof( buf ), in_f )) syserr("Premature end of file");
iz (11 !'= sscanf(bur, "%sif¥sdididid¥ese%e%2% Y2, tap, Lrate,
&ktype, Ino_dep, 2rot, &x_pos, Xy_pos,

&xt_pos, kyt_pos, &xXT_pos, Xyr_pos))
syserr("Transition def problea”);

h = gethost(tmp);

obj_no = getnum(h, tmp);
stxepy(H(h] .Tlobj_no] .name = (char =) malloc(strlen(tmp) + 1), tmp);
E(h] .T(obj_nol.type = type:
BE(h].TCobj_no].rot = rot;
E(h].T(obj_no0l.x_pos = x_pos;
E(R].TC(obj_no].y_pos = y_pos;
E(h].Tlobj_nol .xt_pos = xt_pos;
BE(h] .Tlobj_nol.yt_pos = yt_pos;
H(h].Tlobj_nol.xr_pos = xr_pos;
E(h] .Tlobj_no] .yr_pos = yr_pos;

iz ( checkx_layer( h ) ) draw_tzans(hk, obj_no);

for (j = noc_dep; j--;) /* read inputs =/
it (!fgets( buf, sizeof( buf ), im_f ))
syserr(“Premature end of file");
iz (3 != sscanf(duf, "%d%d%d", &fmult, &from, kgeo))
syserz(“Transition input def problem");
iz(mulz < 0) mult = -mulc;
vhile (mult--)



¢ ( )
iz (!geo
{

i2 ( check_layer{ b ) )
draw_simplearc(from=-1, h, obj_no, mult, IN);

else
{
geo—;
fgets( buf, sizeof( bduf ), in_f );
sscant (but, "%2%L", &x_pos, Xy_pos);
i? ( check_layexr( h ) )
start_arc(k, obj_no, z_pos, y_pos, IN);
wh%lo (geo--)
fgets( buf, sizeof( buf ), in_f );
sscant(but, "%z%L",&x1_pos, kyli_pos);
if ( checkx_layer{ h ) )
draw_arc(x_pos, y_pos, xi_pos, yl_pos);
x_pos = x1_pos;
y-pos = yi_pos;
}
if ( check_layexr( k ) )
end_arc(from-1, x_pos, y_pos, IX); }}}

iz ('fgets( duf, sizeof( buf ), in_f )) syserr("Premature end of file”);
iz (1 !'= sscan? (butf, "%d"”, &out_dep))

syserr("TR output problem”);
toi (j = out_dep; j==:) /* read outputs =/
it ('fgets( buf, sizeof( duf ), in_? ))
sysexT("Prematurs end of file"”);
iz (3 != sscanf(buf, "%d%d%d“”, &mult, &to, &geo))
syserr(“Transition output def problem”);
if(ault < 0) mult = -mmlt;
'h%lo (mult--)

iz (!geo)
{

if ( check_layer( b ) )
draw_simplearc(to-i, h, obj_no, mult, OUT);

else
{
geo—-;
fgets( buf, sizeoz( but ), in_f );
sscanf(buz, "VL%z", &x_pos, &y_pos);
12 ( check_layer( 1 ) )

start_arc(h, obj_ao, x_pos, y_pos, QUT);
vhile (geo~-)
{

tgets( buf, sizeocf( buf ), in_f );
sscanf(but, "%2%2™, xx1_pos, &Zyi_pos);
iz ( checx_layer( 1 ) )
draw_arc(x_pos, y_pos, xi_pos, yi_pos, QUT);

x_pos = x1_pos;

Y y.pos = yi_pos;

12 ( check_layer( 4 ) )
end_arc(to~-1, x_pos, v_pos, QUT); » > }
iz (!fgets( buf, sizeof( buf ), in_I )) syserr("Premature end of filae");
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i¢ (1 != sscanf (buf, "“%d“, &inh_arc))
syserT("TR output problem”);

for (j = inh_arc; j-—;) /* Tead inhibitor arcs =/
<

it (!fgets( buf, sizeof( duf ), in_f ))
sysezxr(“Premature end of file”);
it (3 != sscanz(buf, "%d%d%d", fwult, &to, Xgeo))
syserr("Transition inhibitor de? problem");
if(amlt < 0) mult = -mmlt;
ih:'iclo (mult--)

it (1geo)
{

if ( check_ layexr{ h ) )
draw_simplearc(to-1, h, obj_no, mult, INH);

else
{
geo—;
tgets( buf, sizeof( buf ), in_? );
sscant(bur, "%2%2*, &kx_pos, Xy_pos);
if ( check_layer( k ) )
start_arc(h, obj_no, x_pos, y_pos, INE);

lh?. (geo—-)

tgeta( buf, sizeof( buf ), in_f );
sscant (buf, “¥%L%z", kxi_pos, &yi_pos);
if ( check_layer( h ) )
draw_arc(x_pos, y_pos, xi_pos, yl_pos, INE):;
I_.pos = xi_pos;
y-pos = yi_pos;

}
i? ( check_layer( k ) )
X end_arc(to~-1, x_pos, y_pos, INE); } } } }
/®
s
- highlight( host, obj_num, mode )

- Highlights a transition selected by (host,obj_num). Mode selects

am on or off.
=/

void highlight(host, obj_num )
int host, obj_num;
{

int x, ¥:

x = mag(HE(host].T(obj_num]l.x_pos, 0);

y = nag(Elhost].T{obj_num].y_pos, 0);

IFillRectangle(theDisplay, theWindow, theGC,
x - Dia/2, y - Dia/2,

Dia, Dia);
}
/®
8
- firing( buf )

s Bighlights all fired transicions passed in buf.
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s/

void firing( but ) |
zhmbnt H

int ctr; /* == Counter for reading the firing/marking buffexrs/

#ifdet DEBUG2
printf( “Firing sequence : " );
for (ctr =2 0 ; etx < B[ butl 0 ] ].XO_TRANSITIONS; ctx++ )
izt (bufl cex + 1] > BC but{ 0 ] 1.T( ctr ].old_times_tired )
printf( “%d ", butl ctxr + 1 ] );
prinez( "\a" ); l
#endit

/® -—— Set intarrupt timer to flash the transitions for ...msec *»/
set_intr(0, 350000);

/* — Draw block over fired transitions =/
ISetFunction(theDisplay, theGC, GXinvert):
tor ( etz = 0; ctr < H{ buf{ 0 ] ].NO_TRANSITIONS; ctr++)
i2 (butl{ etxr + 1 ] > HL but{ 0 ] 1.TC ctr ].old_times_fired )
if ( checx_layer( buf{ 01 ) )
highlight( but( 0 ], ctz );
IFlush(theDisplay);

/+* — Pause long enough to see the block */
pause();

/® — Invert block again to get back transition =/
for ( ctr = 0; ctr < H( bur{ 0 ] ].NO_TRANSITIONS; ctr++)
iz (butl cex + 1 ] > Bl but{ 0 ] 1.TC ctx ].old_times_fired )
if ( check_layer( duf{ 0 ] ) )
highlighe( but{ 0 1, etz ); l
IFlush(theDisplay);
ISetFunction(theDisplay, theGC, GXcopy);
}

/=
-
am local_zarking( buf )

-

am Updates the token count in each place for one host. buf contains

b the local marking vector for cne host. -
-

s/

void local_markx:ing( buf )
short bur(J;
{

int ¢tT; /= == Counter for reading the firing/marking buffer=/
int i;

#ifdef DEBUG2 1
printf( “Local Marking : ");
for ( ¢tx = 1 + B( buf{ 0 ] ].SO_TRANSITIONS;
etr < 1 + F( bufl 0 1 ].¥O_TRANSITIONS + B( buff 0 ] J].LOCAL_PLACES;
STT++ )
printz( "%d *, vuzl ctx ] );
print2( “\n* );

.



Sendit

tor (i 30, ctx = 1t + HL butf{ O ] ].XO_TRANSITIONS;

ctr < 1 + H{ buf( 0 ] ].NO_TRARSITIONS + H[ bufl 0 ] ].LOCAL_PLACES;
i++, etz )

{
u{( check_layer{ dbuf{ 0 ] ) )

erase_tokens( dbuf{ 0 1, 1i);
draw_tokens( buf{ 0 ], i, buftfl ctx ], 1);

EC buf{ 0 ] J.PL i ].tokens = btm2{ ctx 1;
}
/*

- global _marking( buf )

e

had Updates the token count in each global placs.
..

=/

void global marking( buf )
short buf(l;
{

int ctT; /% == Counter for reading the firing/marking buffer=/
int i;

#iftdef DEBUG2

printf{( "Global Marking : ");
for ( ctr = 1 + H( but( 0 ] ].NO_TRANSITIONS + H{ buf( O ] ].LOCAL_PLACES;
ctr < 1 + H( buf{ 0 ] ].¥O_TRANSITIONS + HC bufl 0 ] ].LOCAL_PLACES

+ GLOBAL_PLACES; ctr++ )
princz( "%d ", bdut( ctr 1 );
printz( “\n* );
#endit

for ( 1 =0, csr = L + E{ buz{ 0 ] ].¥O_TRAESITIONS +

BC bufl 0 ] ].LOCAL_PLACES;
etr < 1 + H{ bur{ 0 ] ].YO_TRAKSITIONS + BE( buf{ 0 ] ].LOCAL_PLACES
+ GLOBAL_PLACES; i++, cTtr++ )

i:!{( checkx_layer{ -1 ) )

erase_tokens( -1, i):
draw_tokens( -1, i , bufl ez ], 1 );
GM{ i ].ctokens = buff ctr J:
>
}

/=

--
= Tead_player_sockets()
-

- Reads each socket and updatas the window according to what is

L1 recsived.
s/

void read_player_sockets()
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short in_buffer( 2 + 2eMAXTRANS ];
int i, j, host_no, nread;
BOOLEAN empty:

empty = FALSE;
rh.?.o (! empty)

empty = TRUE;
/* — Read the sockets from the token players =/
toi(jsc; j < NO_HOSTS; j++ )

i ( nread = read( E( j ].socket, in_butfer, sizeof( in_buffer ) )
>0)
{
host_no = in_buffer{ 0 1:
empty = FALSE;

#itdef DEBUG1
printz( “\nHost %d : *, host_no );
for( i = 0; i < 1 + BEL in_buffer[ 0 ] ]1.30_TRANSITICHES +
Elin_burfer(0]].LOCAL_PLACES + GLOBAL_PLACES; i+ )
printz(*d ,in_butfer{ i 1);
prmt'z ( u\nu ) s

Sendit
/% — marking vector received =/
local_marking ( in_buffer );
global_marking( in_buffer ); :
/= — Transitionm firing sequence recsived =/
tiring( in_buffer );
update_stats( in_buffer ); } } }

}

/=

L ]

L] read_command_socket()

.k

- Reads the socket from XCommand.

=/

void read_command_sockxet()

{
short in_bufZer{ 1 + 3sMAXTRANS ];
int i, j, nread;

/» — Read sockxet from command window (Note, XCommand writes long ints
while IDisplay reads short ints =/
nread = read( I{ NO_HOSTS ].socket, in_buffer, sizeof( in_buffer ) );
if ( nzead > O ) /= -— have read a command »/
{

i? (in_buf<er({ 1 ] '= YO_BOSTS )
print?( "Socket for ICommand ¥Tritten to by host Yd\n",
in_buffer{i] );
else
{
printz( "Command recsived : %d\n", in_butZer{ 3] );
swi{tch ( in_buffer{ 3] )

case
12

: /= == RUN =/
‘run )

e
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init_elapsed_time(); -
tun = TRUR;
st_ezase();
wTite_tag(“UALT™, 10, 10);
st_noraal();
y write_tag(“RUN™, 10, 10);
else
wsrite_tag(“RUE", 10, 10);
break;

case 2 : /% — BALT =/
iz (. zun )

run = FALSE;
st_erase();
vrite_tag("RUE", 10, 10);
st_normal():
srite_tag("HALT", 10, 10);
}
alse
writs_tag("HALT™, 10, 10);
break;
case 21 : /& — CONTINUE =/
run = TRUE;
st_erase();
write_tag("HALT", 10, 10);
st_normal();
srite_tag("RUN", 10, 10);
break;
case 3 : /® == RRSET =/
clear_net();
draw_geo_info( 0 );

break;

case 4 : /e - QUIT =/
printz( "“XDisplay terminating \a" );
quitX();

for ( i = 0; i < NO_HOSTS + 1; i++ )
close( Z[ i ].socket );
axit( 0 )
case 5 :
i::( single_step )

~

/e — Single Step »/

single_step = FALSE;

st_arase();
vrite_tag("SINGLE_STEP", 10, 30);
st_normal();

alse
{
single_step = TRUE;
arite_tag(“SIXGLE_STEP", 10, 30);

bresak;

case 6 : /s — FIRE e/
break;

case 7 : /® == REDRAV s/
clear_net();
draw_geo_info( 1 );
break;

case 38 : /% == Stats QN/QFF =/



it ( display_stats )
{
display_stats = FALSE;
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clear_stats();
else
{
display_stats = TRUE;
update_all_stats();
break;
case 9 : /= — Select rates or times =/
clear_stats();
iz ( avg_rate )
avg_rate = FALSE;
else
avg_rate = TRUE;
update_all_stats();
break;
case 10 :
reset_stats();
break;
case 131 : /® — dump net data to screen s/
break; } } }
}
/»
-8
- main()
-
- Vaits for a firing sequencs from and a marking vector from a host and
L displays the info in the Iwindow.
-e
=/
main()
{
int i, countl = Q;
init_hosts(); /% -~ Read info abt. Petri Net =/
initX(): /* == Initialize X window =/
theW¥indow = openWindow(XIMIN, YMIN, IMAX,YMAX,0, &theGC);
initXEvents( theWindow ); /# -~ Initialize X event queue =/
usleep(400000); /= == Wait long enough for window to he set up =/
draw_geo_info( 0 ); /% -— Draw net in window =/
IFlush(theDisplay);
/% — Set up connections =/

forx

(1=20; 1< NO_HOSTS + 1; i++ )

B[ i ].socket = serv_setup_intr( B( O ].HOSTNAME, DISPLAYPORT,

“XDisplay waiting for next connection”):

setblock( HE( i ].socket, FALSE );

init_elapsed_time();

signal (SIGALRM, alarm_ handler); /= -- Set signal for interrupt timer
set_intr(1,0);

signal (SIGIO, input_interrupt_handler):

princf( “XDisplay listeming ...\n" );

=/
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wh%lc( TRUE ) /* — Do mntil quit */

A.6.4

switch ( counti++ )

case 0 : printf( "\b=* ); break;
case 1 : printt( “\b/" ); break;
case 3 : print?( “\bi{* ); break;
case 4 : printz( “\b\\" ); break;
case 5 : countl = 0; break;
}
£2lush( stdout );
pause(); /® == WYait for io =/
read_command_socket(); /® =—— Check for all svents and update window=/
read_player_sockets();
XEventHandler();
set_intr(1,0); /® — Set timer interrupt for 1 sec. and s/

display_elapsed_time(); /» display elapsed time =/

Xdraw.c — Drawing Routines for net

#include "size_limits.h"
#include <stdio.h>
#include "defs.h*
#include <string.h>
ginclude <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <netdb.h>
#include <fcatl.h>
#include <arrmo.h>
#include <sigmal.h>
#include <macth.h>
%include <X11/X1lib.h>
dinclude "Xdraw.h"

axtern
eITera
axtarl
axtara
axtTarl
axtarn
extexrn
extern
extarn
exTaI
extarl
axtern
exTarm

/-

Display =theDisplay;

IEvent the£vent;

¥indow theWindow, openWindow():
GC theGC;

sTtruct obj PLACES(;

struct obj TRANS({;

struct hosts HE(J:

stxuct gmv GM{J;

int GLOBAL _PLACES;

int ¥O_BOSTS;

int ¥O_PLACES;

int NO_TRANS;
ISetWindowAttTibutes theWindowAttributes;

- 3t_
.

arase()
{set erase mode). Sets the GC to clear mode.

3T _ara

{
XSet

s/

se()

Foreground(theDisplay, theGC, ch.iindovAttributo:.b&ckgronnd_pixol):
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}
/= ) |
= st_normal()

- (set normal mode), undoes the e¢ffect of st_erase, if used earlier.
. using st_normal multiple times should not cause any harm.

-

:_t_noml()

./
ISetForeground(theDisplay, theGC, theWindowAttributes.border_pixel);

clear_net() /% Clears the Petri-Net ¥Yindow »/
{

IClearWindow(theDisplay, theWindow); l
}

/=
E 2 3

- write_tag(tag, x, y)

LA Vrites the givenm tag at the given position.
=/

void write_tag(tag, xz, y)
char =tag;
int x, ¥;

x += Dia/4;

y += Dia/4;

IDrawString(theDisplay, theWindow, theGC,
X, v

tag, strlen(tag)):
#ifdet DEBUG2 ‘
printz("%s\n",tag);
#endit
}

/=

b 1]
= draw_place(host, obji_no)

== Looks up the x and y coordinates of the given object and draws it.
=/

void draw_place(host, obj_no)
int host, obj_no;
{

int X, ¥, x%, yt,

if ( host >= 3 )
{
z = nag(H(host].P(obj_nol.x_pos, 0);
vy = mag(B(host].Plobj_a0].y_pos, 0):
xt = mag(H{host] .Plobj_nol.xt_pos, 0); |
yt = mag(HChost].Plobj_nol.yt_pos, 0);
write_tag(BClhost].P(obj_no] .name, xv, ¥%);

else
{
xt = mag(GM{obj_nol.xt_pos, 0);



yt = mag(GMlobj_no]l.yt_pos, 0);

x = mag(GNLobj_no] .x_pos, 0);

y = mag(GMlobj_no].y_pos, 0);
write_tag(GMlobj_nol .name, xt, yt);

}
IDrawirc( theDisplay, theWindow, theGC,
x - Dia/2 , y - Dia/2,
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Dia, Dia,
0, 360 =464);
>
/*
.
= draw_trans(host, obj_no)
-
L Looks up the x and y coordinates of the given object and draws it.
=/
void draw_trans(h, no)
int h, no;
{
int z, 7
z = mag(E(h] .T(no] .x_pos, 0);
y = sag(E(h] .T(nol.y_pos, 0);
switch( 3Ch].T{no].rot )
{
case O : /% -~ Horizonthal =/
IDrawline(theDisplay, theWindow, theGC,
x - Dia/2, y,
x + Dia/2, y);
break;
case 1 : /% -— Vertical =/
IDrawLine(theDisplay, theWindow, theGC,
x, y + Dia/2,
x, y - Dia/2);
break;
case 2 : /= == 45 degree tilted =/
IDravwline(theDisplay, theWindow, theGC,
x - Dia2/2, y - Dia2/2.
x + Dia2/2, y + Dia2/2);
break;
detault : ;
>
x = mag(B(h].T(nol.xt_pos, 0);
v = mag(HBCh] . T(nol.yt_pos, 0);
write_tag(d(x] .T(nol .name, x, y);
#define dMark s
sdefine dArcing 30
/*
E 2
- drawtoken(x, y)
-8
- Draws one token at the specified z,y address
74

dragtoken(x, y)
int x, ¥;

( texminal coordinates )



{
IFillarc(theDisplay, theliindow, theGC,
x, ¥
dMaTX, dMark,
Q, 360%64);
}
/=
-8
e L draw_token(host, odj_no, tokens)
8
- Draws the tokens if < 5 and writes # for 5 or more.
s/

void draw_tokens(host, obj_no, toksns, new)
int host, obj_no, tokens, new;

/=

int x, ¥, i;
float z_pos, y_pos;
char tmp(10];

it ( host >= 0 )
{
t = mag(H(host] .P{obj_no] .x_pos, -2);
y = mag(H(host].P(obj_nol.y_pos, -2);
if ( 'new )
tokens = H(host] .Plobj_nol.tokens;

clz.
z = mag(GM(obj_nol.x_pos, -2);
y = mag(GA(obj_no].y_pos, -2);
it ( 'new )
tokens = GM(obj_nol.tokens;

switch (tokens)

case Q0 : break;
case 1 :
drawtoken(x, y); break;
case 2 :
drawtoken(x -~ Dia/4, y):
drawtoken(x + Dia/4, y); break;
case 3 :
drawtoken(x, y ~ Dia/4);
drawtoken(x - Dia/4, y + Dia/4);

drawtoken(x + Dia/4, y + Dia/4); break;
case 4 :

dravtokea(x - Dia/4, y - Dia/4);

drawtoken(x + Dia/4, y - Dia/4);

drawtoken(x -~ Dia/4, y + Dia/4);

drawctoken(x + Dia/4, y + Dia/4); break;
default :

sprintZ(tmp, "%d", tokens);

¥

IDrawString( theDisplay, theWindow, theGC, x, y+6, tump,

stzlen(zap));
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s erase_tokens(host, obj_no)

-8

- drawing the token.

s/

erase_taokens(host, obj_no)
int host, obj_no;

{

/=
L 1 3
E 2
an
-8

s/

vo

st_erase();
draw_tokens(host, obj_no, 0, 0)

st_normal();

; /% — last O specifies draw old

tokens

Removes the tokens by changing foreground to background and

s/

arrowhead(xi,yi, z, y, theta)

Draw an arrowhead.

id arrowhead( xi, yi, x, y, theta )

int x1, yi, x, ¥;

- 11
{

oat theta;
int x2, y2, 3, y3;

/= — Correct ‘x‘ alignment =/
iz{( x>0)

x2 = x1 - ARROWLecos(theta + N_PI/10);

x3 = x1 - ARROWLs=cos(theta

n_PI

else
{
x2 = x1 + ARROWL=cos(theta + M_PI
x3 = x1 + ARROWL=cos(theta - M_PT
>
/s — Correct 'y’ alignment =/
i:{( y>0)

iz (x < 0)
{
y2 = yt + ARROWLesin(theta +
y3 = y1 + ARROWL=*sin(theta -
else
{
2 = y1 - ARROWL+sin(theta +
y3 = yi - ARROWL*sin(theta -
}
olse /® ==y > Q =/
{
iz (x> 0)
y2 = y1 - ARROWLssin(theta +

¥3 = 71 - ARROWLe*sin(theta -

/10);

/10);

/10);

M_P1/10);

M_P1/10);

¥_PI/10);

M_PI/10)};

M_P1/10):
¥_°I/10);
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else
{
y2 = yi + ARROWL»sin(theta + N_P1/10);
y3 = y1 + ARROWLssin(theta - K_P1/10);

>
IDrawLine(tkeDisplay, theWindow, theGC,

x1, yi,
x2, 72);

IDravlLine(theDisplay, theWindow, theGC,

>
/=

-
.
-
-
-8
L 2
L 2

s/

vo

x1, 71,
23, 73);

draw_simplearc(from, host, obj_no, mult, mode)

Draws an arch between the place specified by from by looking up PLACES
to transition (host, obj_no) with mmltiplicity mult. IZ the mode is
I¥, the arrowhead is at the transition, else it is at the

transition.

id draw_simplearc(from, host, obj_no, mult, mode)

int from, host, obj_no, mult, mode;

int i, h, no;

char tap(MAXLEX];

int x1, y1, 22, ¥2, x, 7!
float a, theta;

strcpy(tmp, PLACES{from].name); /* -—— get name of place from */
A = gethost(tmp);
no = getnum(h, tmp);

iz (1> 0) /% —— Place belongs to a token player =/
{
mag(H(h] .P{no] .x_pos, 0);

x1

y1 = mag(B(h].P{nol.y_pos, 0);
else /® -— Place belongs to the global marking vector =/
{
x1 = mag(GX(nol.x_pos, 0);
y1 = mag(GM{nol.y_pos, 0):
}
x2 = mag(Hlhoat] .Tlobj_nol.x_pos, 0);
72 = mag(Hlhost].Tlobj_nol.y_pos, 0);
x = x1 - x2; /® == Calculate angle of attack of arc =/
Y=y -7y2;
it (ix)
theta = M_PI/2;
else

theta = atan((float)y/x);

it (x>0) /% == Corzect 'z’ alignment of entry point to placa =/
x1 -= (Dia/2=cos(theta));
else



z1 += (Dia/2%cos(theta));

/* — Correct 'y’ alignment of entIy point to place »/
11{( y>0)

iz (2 <0)

y1 += (Dia/2%sin(theta));

else

i -; (Dia/2*sin(theta));

else /®= ==y >0 =/
{

it (x>0)

y1 -= (Dia/2%sin(theta));

ri

¥
/.

-8
-
L 2]
-

-/

else
+= (Dia/2+%sin(theta));
}

sv%tch (mode)

case IX
arTrowhead(x2, y2, -x, -y, theta);
IDrawLine(theDisplay, theWindow, theGC,
i, yi,
x2, y2); break;
case QUT :
arrovhead(xi, yi, x, y, theta);
IDrawLine(theDisplay, theWindow, theGC,
xi, 71,
x2, y2); break;

case INH :
IDrawArc(theDisplay, theWindow, theGC,
x2, y2,
dMark, dMark,
Q, 3680=64):
XDrawlLine(theDisplay, theWindow, theGC,
x1, y1,
x2, y2);
>
/% -- End of

draw_simplearc(from, host, obj_no, mult, mode) =/

start_arc(host, obj_no, x_pos, y_pos, mode)

Draws the start of an arc from transitiom (host, obj_ao) to (x,y).

void staxrt_arc(host, obj_no, x_pos, y_pos, mode)
int host, obj_no;

1l

oat x_pos, y_pos;

int mods;

{

int i, h, no;

char tap(MAXLEN];

int x1, yi, x2, y2, x, ¥
2loat a, theta;

11 = mag(x_pos, 0);
y1 = mag(y_pos, 0);
x2 = mag(HBChost].T(obj_nol.x_pos, 0);
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y2 = mag(H(host] .Tlobj_nol.y_pos, 0):
s x2 - x1;
Y=y2 - yi;
it (ix)
theta = X_PI/2;
else
theta = atan((float)y/x);

sv%tch (mode)
case IX :
arrovhead(z2, y2, X, ¥y, theta);
IDrawlLine(theDisplay, theWindow, theGC,
x1, 71,
x2, ¥2); break;

case QUT :
IDrawline(theDisplay, theWindow, theGC,
x1, y1,
x2, 72); break:
case INE :
IDrasArc{theDisplay, theWindow, theGC,
x2, ¥2,
dMark, dMark,
0, 360%64);
IDrasLine(theDisplay, theWindow, theGC,
x1, 71,
x2, y2);
}

} /* -— end of start_arc(host, obj_no, x_pos, y_pos, mede) s/
/"=

- end_arc(from, x_pos, y.pos, modse)

-e

.a Draws the end of an arc from (x,y) to the place specified by “from".
=/

void end_arc(Zrom, x_poas, y_pos, mode)

int from;

float x_pos, y._pos;

int mode;

{

int i, h, Do;

char tmp(MAXLEX];

int x1, y1, 22, y2, x, ¥;
tloat a, theta;

strepy(tmp, PLACES{from].name); /* -- get name of placa from =/

h = gethost(tmp); /= -- Look up host number and =/
no = getnum(k, tmp); /= place # at host =/
it{( h >= 0 ) /% -- Place belongs to a token player =/
x1 = mag(2(h].P(nol.x_pos, 0);
y1 = mag(E(n].P(nol.y_pos, 0);
else /® -- Place belongs to the global marking vecsor =/
{
x1 = mag(GM(no].x_pos, 0);
y1 = mag(GM(no].y_pos, 0);

}



22 = mag(x_pos, 0);
Y2 = mag(y.pos, 0);
x = x1 - x2;
Y=yl -y2
if (!'x)

theta = M_P1/2;
else

theta = atan((float)y/x);

iz (xz>0)
x1 -= (Dia/2+cos(theta));
else

z1 += (Dia/2wcos(theta));

/% — Correct 'y’ alignment of emtry point to place

it (y>0)
{

it (x<0)

y1 += (Dia/2%sin(theta));
else

71 -; (Dia/2+*sin(theta));

else /* —~ 3 >0 s/
{
it (z>0)
y1 -= (Dia/2*sin(theta));
else
yi += (Dia/2*sin(theta));
>
i:{( mode == IX || mode 2= INH)

IDrawline(theDisplay, thei¥indow, theGC,

x1, 71,

x2, 32);
}
else
{

arrovhead(xi, yi, x, y, theta);
IDrawline(theDisplay, theWindow, theGC,
1, y1,
x2, y2);
}

} /% -- end of end_arc(from, x_pos, y_pos, mode)
/=

/® — Calculate angle of attack of arc */

/% — Correct 'x’ alignment of entTy point to place

./

- draw_arc(x:i, yi, x2, y2)

-\

= Draws a line beeween the given points.
-/

void draw_arc(xi, yi, x2, y2)
float x1, y1, x2, y2:
{

int xa, ya, xb, yb;

za = mag(x1, 0):
ya = mag(y1i, 0);
xb = mag(x2, 0);
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yb = mag(y2, 0);

IDrawlLine(theDisplay, theWindow, theGC,

xa, ya,
b, yb);

A.8.5 stats.c — Statistics Routines

#include "size_limits.h*
#include <stdio.h>
#include "defs.h”
#include <string.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <anetdb.h>
#include <fecatl.h>
#include <erzmo.h>
#include <signal.h>
#include <math.h>
#include <X11/X1ib.h>
#include “Xdraw.h”

/*%#define DEBUG1 1
#define DEBUGZ 2
8define DEBUG3 3=/

extern Display stheDisplay;
extaxrn XEvent theEvent;

extern Window theWindow, openWindow();

extern GC theGC;

extern struct obj PLACES([ MAXTRAES ];

axtera struct obj TRANS[ MAXTRAES ];

extern strict hosts H[ MAXHOST ];
extern struct gmv GM{ MAXTRANS 1;
axtarz int GLOBAL _PLACES;

extexrn int NO_HOSTS;

extern int NO_PLACES:

extera int NO_TRANS;

axterz: BOOLZAX display_stats;
extern BOCLZAN avg_ratve;

void clear_stats();

/#* = name and host assignment of all

/* -= name X host of all trans.
/= == All net infor stored here
/= ——- Info abt. global marking vectoxr®/

/=

L 1]

- Teset_stats
-8

-

L4

void resetr_stacs()

{

int h, ¢;

clear_stats();
tor ( h

Sets all transitiom firing counters to 0.

= 0; h < ¥O_HOSTS; h++ )
for ( = = 0; ¢t < H(h].¥O_TRANSITIONS; t++ )
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times_fired = 0;

init_elapsed_time();

update_stats( buf )

Updates the statistic of all transitions reported in but.

void update_stats( but )
short buz(];

{

int i, 1, ¢, x, ¥;

char tmp(20];
float rate;

for ( i = 1; 1 < 1 + H{ buf{ 0 ] J].SO_TRANSITIONS; i++ )
i:{( butl{ i ] >= 0)

h = bat{ 0 J;

t=i-

1:

if ( display_stats )
{

iz ( avg_rate ) /= -= Display average rats =/
{

else

{

st_erase();
sprintf( tmp, "%2", H(h].T(t]l.rate );
x = mag(B(h] .T(t] .xx_pos, 09);
y = mag(B(h].T(t].yx_pos, 0);
i2 ( checkx_layer ( b ) )
vrite_tag( tmp, X, ¥);
st_normal();
3L a ].TC ¢ ].old_times_fired = EC A ]J.TL ¢ ].times_fired;
{2 ].T( ¢t ].times_fired = buff{ ¢t + 1 1;
rate = (float)HCh].T(t].times_fired/elapsed_time_sec();
2(n].T(t] .rate = rate:
sprant( tap, "%I", rate );
x = mag(HE(h].T(e].xx_pos, 0);
v = zag(E(h].T(e]l.yr_pos, 0);
i2 ( check_layer ( 1 ) )
srite_tag( tmp, X, ¥):

/® == Display # of times fired =/

st_erase();
sprint( tmp, "%d", I(h].T(t].times_fired );
x = aag(E(h].T(c].xx_pes, 0);
v = mag(ECh].T(t].yxr_pos, 0);
12 ( check_layer ( 2 ) )

srite_tag( tmp, X, 7);
st_aormal();
3Ca2].TCt J.old_times_fired = I( h ].T( ¢t ].times_fired;
2Ca].TC ¢t ].times_2ized = but( ¢ + 1];
sorintt( tap, "%d", (h].T(t].cimes_fired );
x = mag(B(h].T(t].xx_pos, 0);
v = zag(BCh] . T(t).yr_pos, 0):
2 ( checkx_layer ( 1 ) )

srite_tag( tmp, x, ¥):



}
olzo
BL 2 J.TC ¢t J.old_times_fired = 3L h ]1.T{ ¢ ].times_fired;
) EC 2 ]1.TC ¢t ].times_fized = buf( ¢t + 1];
}

>
/®
-e
L L clear_stats()
a2,
Lo Clears all stats from display.
a/

void clear_stats()
{
int h, ¢, x, ¥;
char tap(20];

gor ( A = 0; h < NO_EOSTS; h++ )
for ( ¢t = 0; t < E(h] .NO_TRANSITIOES; t++ )

it ( avg_rate ) /% -- Display average rate */
{

st_erase();

sprintf( tmp, "“%z*, A(h].T(t].rate );
x = mag(E(h].T(t].xx_pos, 0):

Yy = mag(E(h].T(t].yr_pos, 0);

write_tag( tmp, X, 7);
st_normal();

else /% == Display # of times fired =/

st_erase();

sprintz( tap, "%d"”, E(h].T(t] .times_fired );

z = nag(B(h].T(t] .xx_pos, 0):
y = nag(E(h]l.T(c].yr_pos, 0);
urite_tag( tmp, x, ¥);
st_normal();

}
/.

. update_all_stats()
8

.a Updates the stats for all tramsitioms.
=/

void update_all_stats()

{

int h, ©, x, 7;
char tmp(20];

for ( B = 0; A < YO_BOSTS; h++ )
gor ( t = 0: t < HCh].SO_TRANSITIONS; t++ )

ii{( avg_rate ) /% -- Display average rate

spriacz( tmp, "%2", B(h].T(:].rate );
x = mag(H(R].T(t].xxr_pos, 0);
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y = mag(E(h].T(t].yr_pos, 0);
iz ( check_ _layer (A ) )

write_tag( tmp, z, ¥);

olzo /* -= Display # of times fired s/
sprint?( tmp, "%d", H(].T(t].times_fired );
z = mag(H(h].T(t] .xx_pos, 0);
y = mag(Eh].T(t]l.yz_pos, 0);
iz ( check_layer ( b ) )
write_tag( tamp, X, ¥):
}

/=

- display_elapsed_time()
s/
static long int time = 0;

void display_elapsed_time()
char tmp(20];
tap(0] = '\0’;

st_erase();

sprintf( tap, " %d s*, time );
write_tag( tap, 100, 10 );

st_normal();

time = (long) elapsed_time_sec();
sprintz( tap, "Elapsed Time : %d s“, time );
write_tag( tap, 100, 10 );

A.6.6 Xroutines.c — Miscellaneous Routines for X Windows
#include <X11/X1ib.h>

ginclude <X11/Iutil.h>
#include <stdio.h>

Display *theDisplay:

int theScreen;

int theDepti;

unsigned long theBlackPixel;

unsigned long theWhitePixel;

#include "“thelcon*

ISetWindowAttributes theWindowAttributes;
%define BORDER_VIDTH 2

initX()
{
theDisplay = XOpenDisplay(NULL);

iz (theDisplay == NULL) {
fprint?(stderr,
wError: Cannot establish a connection to the X Server “s\n”,
XDisplayBame(JULL));
exit(1);
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theScreen =z DefaultScreen(thedisplay);
theDepth 2 DefaultDepth(theDisplay, theScreen);
theBlackPixel = BlackPixel(theDisplay, theScreen);
theWhitePixel = VhitePixel(theDisplay, theScreen);

XCloseDisplay(theDisplay);

}
%utx()
}

Vindow openWindow(x, y, width, height, flag, theNewGC)

int x, ¥;

int width, height;

int flag:

GC »thellew((;

{
ISizeHints theSizeHints;
unsigned long theiindowMask;
V¥indow thelewWindow;
Pizmap thelconPixmap;
I¥MEints theWMHints;
theindowAttributes.border_pixel = theBlackPixel;
theWindowAttributes.background _pixel = theWhitePixel;
thelindowAttTributes.override_redirect = True;

theWindowMask = CWBackPixel | CWBorderPixel;/+ | CWQverrideRedirect;»/

thelewWindow = XCreateWindow(theDisplay,/* Open a window on the dis. s/
RootWindow( theDisplay, theScreen),
X, ¥, width, height,
BORDER _WIDTH, theDepth, InputOutput,
CopyFfromParent, theWindowMask, rtheWindowittributes):

thelconPixmap = ICreateditmapFromData(theDisplay, /* 3) Set up icon */
thellewWindow, thelcon_bits, thelcon_width, thelcon_height);

/* 4) Send hints to Window Manager s/
theWMHints . icon_pixmap = thelconPixmap;
theWMBints . initial_state = YormalState;

theWMHints.flags = IconPixmapHint | Statefint;
ISetiMHints(theDisplay, theNewWindow, ftheWMHints);

/% 5) Size and location for our zindows =/

theSizeHints.flags = PPosition | PSize;
theSizeHints.x = x:
theSizeHints.y : = y;
theSizeHints.aidth = Fadth;
theSizeHints.height s height;

ISetNormalHints(theDisplay, theNewWindow, ftheSizeHints);

/% 6) cTeats the graphics context for the window =/

i2 (createGT(thelNewi¥indow, theNewGl) == Q) {
XDestroyWindow(theDisplay, thedewWindow);
return((Window) 0);

),

/= T7) Ask X to make the zindow visible =/
IMapWindow(theDisplay, theNewWindow);

/* 8) Flush out all the gueued up X resquests =/
XFlush(theDisplay):



/* 9) Return the window ID »/
3 Teturn(thelewiindow);

createGC(thelNewiindow, theNewGl)
Vindow theNewWindow;
GC »*thelewGC;

{
IGCValues theGCValues;
sthelewGC = ICreateGC(theDisplay, thellewWindow,
(unsigned long) 0, &theGCValues);
iz (stheNewGC == Q) {
3 ratura(0);
else {
ISetForeground(theDisplay, *thelewGC, theBlackPixel);
ISetBackground(theDisplay, *theNewGC, theWhitePixel);
retura(l);
}
}

A.8.7 ceventz.c — X Event Handler
Ve

- eventx.c
-8

./

#inclunde “Xdraw.h*
#include <211/X1ib.h>
#include <X11/Xutil.h>

extern Display »theDisplay;
extern ¥indow theWindow:
extern int layer;

#define EV_MASK (ButtonPresaMask | \

KeyPressMask 1\
ExposureMask I\
StzucturefotifyMask)

XEvent theEvenct;

retreshi¥indow( theExposedWindow )
¥indow theExposedWindow;

{

draw_geo_info( 0 );
IFlush(theDisplay);
T

XEventHandler()

{
IComposeStatus theComposeStatus;
KeySym theKeySym:
int theKeyBufZerMaxLen = 84;
char theKeyBurZer{ 65 ];
int new_layer;

vhile( XChecxWindowEvent( theDisplay, theWindow, EV_MASK, &theEvent ) )

{
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switch( theEvent.type )
{
case Expose :
#ifdet DEBUG1
printZ("Exposed\n");
#endit
refreshiindow( theEvent.xany.window );
break; -
case Maplotify :
#itdet DEBUGL
printz(“Mapped\n*);
#endit
refresh¥indew( theEvent.zany.window );
break;
case ButtonPress :
#ifdet DEBUG1
prints (“button\a");
#endit
break;
case KeyPress :

ILookupString( &theEvent, theKeyBuffer, theKeyButferNaxlLen,

rtheKeySym, ftheComposeStatus );

/* — Entire net selected for displaying =/
it ( ( theKeySym == ‘a’ )} || ( theKeySym == A’ ) )
layer = Ox7FF;

/® -—— Global places only =/
iz ( ( theKeySym 2= ’'g’ ) || ( theKeySym == 'G’ ) )
layer "= 0x400;

/® —~ Specific layer selected =/
i:t{( ( theKeySym >= '0’ ) && ( theKeySym <= '9’ ) )

new_layer = thekeySym -~ 48;
/e -—— If layer 'on’, turm off, else turm on =/
layer = (1<<new_layexr) layer;

}
#ifdet DEBUG1
printf("<%s> pressed\n”, theKeyBuffer);
princr ("%x\n", layer);
Sendi?
clear_net():
refreshWindow( theEvent.xany.window );
break;
case Contigurellotify :
#ifdet DEBUGL
priant?(“Configuration\n”);
#endit
refreshWindow( theEvent.xany.wvindow );
break;
}

¥

initXEvents( theWindow )
Vindow theWindow;
{
XSelectInput( theDisplay, theWindow, EV_MASK );
¥
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APPENDIX B

EXAMPLE SOURCE CODE

B.1 Controller Code

B.1.1 tname2.h — Transition Name Definitions
#define T32_AT_2 0

#define T31_AT.2 1

2define T30_AT_2 2

#define Tis_t 3

Sdetine Tis_ 2 4

#detine T15_3 -3

#define Ti6_ 1 ]

#define Ti6_ 2 7

#detine Ti16_3 8

#define T25Done_IN_AT_2 9
#define T25Start_QUT_AT_ 2 10
#define T24Done _IN_AT_2 11
#detine T24Start OUT_AT.2 12
#define T23Done_IN_AT_ 2 13
%detine T23Staxt _OUT_AT_2 14
#define T21_3% 18

%define T8 _3Y_AT_2 18

#detine T21 2% 17

#define TS_2Y_AT_2 18

#define T21_1X 19

#define TE_1Y_AT_ 2 20

B.1.2 interface2.i — Driver Subroutines
/-

«n

- interfacs2.i

=8

.- This Zile contains all procsdures for implementing device drivers
== (excapt socxet initialization which _must_ be done in socket_init())
.- in player.c

"l

-/

#include "tname2.h”

#include "SIM_2/tnamel.h"

/% == This include file defines the transition
numbers for token player 0 of the
thesis.net controller s/

/* — This include file contains the transition
numbers of the transitions of token

player (thesis_sim2.net =/
sxtern BOOGLEAN event_flag;
extern int io_socket;
extern long io_burfer{2];
long input_status = 0; /% -— Stores the input status (make it an array

if there are several machines) =/
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double znd_01d();

/.
=
s precond_test( transition_number )
=8
- Checks the proconditicns for tlhe transition number.
=8
== Note that this scheme does _NOT. work for timed trangitions as this
= checking ia destructive and a timed transition has this checkXed twice
-~ for, thus the first check erases the flag and the transition may never
b fire.
.
»n Nots use of tr_no; it corresponds %o the bit checked. The program
- transmitting this information uses the tname<i>.h include file
- generated by building this token player to detarmine which bit
b to set. I.e. the devics driver of this program sets the preconditions
.. tzue by using the transition number stored in tname<i>.h.
..
=/
int
precond_test(tr_no)
int tr_no;
{ .

iz ( input_status & ( 0xi << tr_no ) ) /® — Check flag =/

{

input_status = input_status & ~“( 0x1 << tr_no ); /* — Clear flag =/
return( 1 );

)

zetura( 0 );

/=

.m

»n postproc_test()

-

= Writes to the device driver (in the test case another token player)
s corresponding to the transition to be set.

.
L2
=
s

Note the naming convention used for the transitions. In the case where
tyo token players are connectad, each transition name corTesponds to

another at the other token player, axcapt that if one is IN, the
s other in QUT.

=/

int
postproc_test(tr_no)
int tr_no;
{
long output_status;
long outbur( 2 J;

switch ( tr_neo )
{
case T23Start_QUT_AT_Z : /% -- f¢rom transition ... »/
output_status = ( Oxi << T23Start_I¥); /* -- to transition ... s/
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break;
case T24Start _OUT_AT_ 2 :

output_status = ( 0x1 << T24Stars_IN);
break;

case T25Start _OUT_AT.2 :

output_status = ( 0x1 << T2585tart_IN);
break;

}
outbut{ 0 ] = 0;
outbuz{ 1 ] = output_status;

printf("\nI0 trmt'd: %x %z \n", outdur(0], outbur{i] );

/% — Send status to token player or device driver */
if ( write ( io_socket, outbuf, sizeof( outbut ) ) == -1 )
syserr( "write io_socket® );

/=
E 1 ]

- decode_io ()}
8

- Decodes the I/0 received on the io_socket.
-8
s io_buffer(0] : device # id.

e io_butferfi] : status word.
L £ ]

-/

void
%ocod.c_ ie()

input_status “= io_buffer(1]: ¢
event_flag = TRUE;

print2(*\nI0 rec’d: %x %x ", io_buffer{0], io_buffer(i] );

),

/=

e

a-m conflict_resolution(tr_no)

-

- Returns true/false with probability Transition{tz_no].firing rate
= for an immediate transition. This is a crude method of simulating
= conflict between immediate transitions that have assigned

= probabilities of firing.

E 2]

an Note that the porbablilites must be scaled depending on marking and
. how many transitions are in conflict to get the correct results

== (1ike it is done in SP¥P).

=

=/

int

conflict_resolution{ tr_no )

int tr_no;

{

double rnd, t3p;



rad = Tad_01d();

tap = (double) Transition( tr_no ].firing rate;

it ( rnd < tmp )

Transition[ TS_1Y_AT_.2 ].preconditions = 1;
Transition( T8_1Y_AT_2 ].preprocass = conflict_resolution;

Transition[ T21_iN ].preconditions = 1;
Transition[ T21_1¥ ].preprocess = conflict_resolution;

Transition{ T6_2Y_AT
Transition[ TS_2Y_AT_
1.

Transition{ T21_2%
Transition[ T21_2%

l.pr
Transition{ T8_3Y_AT_.2
Transition[ TS_3Y_AT.2

.2 ].preconditions = 1;
2 ].preprocess =

conflict_resolution;

preconditions = 1:
presprocess = conflict_resolution;

].preconditions = 1;
].preprocess = conflict_resolution;

Transition{ T21_3N ].preconditions = 1;

Transition[ T21_3¥ ].preprocess =

Transition{ T23Done

Transition( T24Done_IN_AT.
Transition{ T2 QDcne_-l AT

Transition{ T2SDone_IN_AT
Transition{ T2SDone_IX_AT._

Transition( T23Start_QUT.
Transition[ T23Start _QUT.

Transition{ TZ24Start _QUT._
Transition{ T24Stars _QUT_

JIN_AT_
Transition( T23Done_IN_AT._

IJ I‘J

-2
2
AT,
AT,
AT,
AT

Nt)

2
-2

Transition( T2SStart_QUT_AT_2
Transition T2SStart_QUT_AT.2

conflict_resolution;

.preconditions = 1;
.preprocass

= precond_test;

.preconditions = ;
.preprocass = precond_test;

.precond;tzons = 1;

preprocsss = praecond_test;

] .postprocessing = 1;
] .postprocess s postproc_test;

pestprocassing = {;
pPOSTPIrocCess = pDOSTDIOC_test;

1.
1.
] .postprocessing = 1;
].postprocess = postproc_tast;

retura( 1 );
else

return( 0 );
}
B.1.3 tr.links2 — Links for Subroutine Calls
V.
-8
e Initialization file for Host 2 controller
bt ]
- Note that both the flag aust be set and the address must be assigned
b in order for the process to be executad.
-/
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B.2 Simulator # 2 Code

B.2.1 portnums.A — Socket Port Numbers for Simulator

#define QFFSET 75 /% -- Offset to prevent use of,K same address betveen
simulator an controller =/

#define PLAYERPORT 1500+QFFSET /® -~ Port number for tokea ring sockets =/

#define COMMANDPORT 2500+0FFSET /= — Port number for command sockets =/

#detine DISPLAYPORT 3500+QFFSET /* — Port number for display sockets =/

#define IOPORT 4800+QFFSET /™ == Port number for i/o with device driver.
¥ota - no offset since it connects with
the server socket of the controller =/

B.2.2 tnamef.h and tr_links0.: — Name and Link Definitions

#detfine T24Done_0QUT (o]
#detine T23Done _QUT 1
#detine T25Done _OUT 2
#detine T28Start_IN 3
#detine T24Start _IN 4
#detine T23sStart_IN 5

B.2.3 interfaced.: — Driver Routines

/=

L 2]

s interface.c

%

- This file contains all procsdures for implementing device drivers
-

(except socket initialization which _must_ be done in socket_init())
- in player.c
a8

s/

%include "../tname2.h" /% -— This include file defines the transition
aumbers for token player 2 of the
thesis.net controller =/

#include “tnameO.h" /* == This include file contains the transition

numbers of the transitions of this token
player (thesis_sim2.net =/

switeh ( tT_no )

{

case T23Done_OUT : /® == from transition ... =/
output_status = { 0xi << T23Done_IN_AT_2); /= -- to transition ... s/
break;

case T24Done_QUT :
output_status = ( 0x1 << T24Done_IN_AT_ 2 ):
break;

case T2SDone_QUT :
output_status = ( O0xl << T2SDone_IN_aT_2 ):
break;



138

}
outbut{ 0 ] = 0;
outbut( 1 ] = output_status;

/% — Send status to token player or device driver =/
iz ( wxrite ( io_socket, outbuf, sizeof( outbut ) ) == -1 )
syserT( “write io_socket” );

print2(*\nI0 trmt'd: %z %x *, outbuf(0], oucbuf(i] );
}

sese s e

DELETED l

B.2.4 player.c — Listing of init_sockets()

EOTE - QFLY DIFFERENCE BETWEEN REGULAR PLAYER.C FILE AND THIS IS THE FOLLOVING
ROUTINE:
/=

-

- init_socket()
L L]

.. Initializes the sockets for global marking vector token ring.

-

. token_in is socket for the server of SERVERNAME that runs om this host
= and Teads the toksn message from SERVERNAME.

.

L L] token_out is the socket for the client to CLIENTENAME and writes to
e this.

s/ ‘
init_sockets()

{
char temp;

/® =—— Comnect to XDisplay =/
out_X_win = client_setup( HOSTONAME, DISPLAYPORT );

#if ¥O_HOSTS > 1

#ifdet HOSTO /+ -— This is token player # 0 =/ »
/% == Setup SERVER connection for token player # 1 =/
token_in = serv_setup_intz( JOSTNAME, PLAYERPORT,

“Server waiting for pmi ..." );
setblocx( token_in, FALSE );

/= — ¥ait until the last token player has opened its server for token
player 0 =/

printz(" Hit Enter wvhen last token player server is ready : \a");

scanz( "%s", Ftemp );

token_out = client_setup( SERVERNAME, PLAYERPORT ); |
#else /®= ~—— This is not token player 0 =/

token_out = client_setup( SERVEREAME, PLAYERPORT);

token_in = serv_setup_intr( BEOSTEAME, PLAYERPORT,

"Server waiting for pm(i+1)" );

setblock( token_in, FALSE );

Sendizf
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Sendit
command_in = serv_setup_intzr( HOSTNAME, COMMAXDPORT,

“Sexver vaiting for XCommand ...” );
setblock( command_in, FALSE );

/% — I the token player is a controller, this is a client socket =/
#i2 HOSTNQ == 0

#ifdef EXTERNAL_IOQ
io_socket = client_setup( HOSTNAME, IOPORT,
“Server waiting for device driver program ..." );

setblock(io_socket, FALSE ); /» Teceive commands from
device driver =/
#endit
#endif

signal( SIGIO, input_interrupt_handler ); /* -- Set up interrupt to be
issued when i/o occurs =/

} /® == socketinit() =/

B.2.5 cvent handler.c — Listing of get_event ()

EOTE : THE FOLLOWIXG ROUTINE IS THE QNLY DIFFERENCE BEIWEER THE FILE FOR
THE CONTROLLER AND THE FILE FOR THE SINULATOR

/.

L 2

s get_event()

"

- Reads all the input sockets and pipes. If there is any info,
.. decodes this.

L 2 ]

L Reads:

=%

b - command_in socket from XCommand window

8

id - endpipe pipe Irom timed_=Trans_handler

-8

- - token_in socket from the previous token player
=

- - 1lo_socket socket from device driver program.

L 1}

=/

void

get_avent()

long token_bufZer( GMV_BUFSIZE ];/= -~ Buffer for received marking vector =/
long command_buffer{ 2 ]1;

int nread, i;

#ifdet EXTERNAL_Z0

/#* — Check iZ cthere is anything Zrom the device driver program to read =/
if ( nread = read( io_socket, io_bufZer, sizeof( io_buffer ) )
>0 )
{
decode_io();
}

#endif
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/* — Check if there is a command available to read =»/
ig ( n:u:)l = read( command_in, command_buffer, sizeof( command_buffer ) ) -
>0
{

decode_comd( command buffex[ 0 ] );

#i2 NO_HOSTS > 3
/# — Check if it is the global marking vector that is available =/
it ( nread = read( token_in, tokem_buffer, sizeoz( tokem_buffer ) ) > 0 )

get_gav( token_butfer ); /® — gmv available %/
#i2def DEBUG l
printZ(“gmv read %d bytes : “,nread);
for (i = 0; i < sizeor(token_buffer)/4; i++)
printz(* ¥%d", token_butfer{il):
printz("\a");
¥
#endif
¥



